REMARKS 

Claims 1-86 are pending in the application. Claims 1-24, 29, 31-44, 51-54, 59, 60, 
66-80, and 82-86 are withdrawn. Claims 25-28, 30, 45-50, 55-58, 61-65, and 81 are 
rejected under 35 U.S.C. § 1 12, first paragraph, as failing to meet the written description 
requirement. Claims 25-28, 30, 45-50, 55-58, 61-65, and 81 are further rejected under 35 
U.S.C. § 1 12, first paragraph, as lacking enablement. Claims 25-28, 30, 45-50, 55-58, 61- 
65, and 81 are also rejected under 35 U.S.C. § 1 12, second paragraph, as being indefinite. 
Claims 25-28, 30, 45-50, 55-58, 61-65, and 81 are rejected under 35 U.S.C. § 103(a) as 
being unpatentable over Siegel et al. (U.S. Patent No. 6,204,245; hereafter "Siegel") or 
over Shi et al. (U.S. Application Publication No. 2002/0012966; hereafter "Shi"). Lastly, 
claims 25-28, 30, 45-50, 55-58, 61-65, and 81 are provisionally rejected on the ground of 
nonstatutory obviousness-type double patenting as being unpatentable over claims 22-4 1 , 
49-53, and 70 of copending Application Serial No. 10/670,488. Applicants address each 
of these rejections below. 

Claim Amendments 

Claims 22, 23, 27, 29, and 51-65 have been canceled. Claims 25, 26, 31, 44, and 
81 have been amended. Support for the present amendment is found in the previously 
pending claims and in the specification at pg. 9, lines 4-13; pg. 38, lines 1 1-18; pg. 38, 
line 27, to pg. 39, line 4; pg. 39, lines 12-26; and pg. 40, lines 5-9. No new matter has 
been added by the present amendment. Applicants reserve the right to pursue any 
canceled subject matter in a continuing application. 

Rejections under 35 U.S.C. § 112, first paragraph 
Written Description 

Claims 25-28, 30, 45-50, 55-58, 61-65, and 81 are rejected under 35 U.S.C. § 1 12, 
first paragraph, for failure to meet the written description requirement. As the basis for 
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this rejection, the Office asserts that the terms "analog," "glucocorticoid receptor 
modulator, 55 "small molecular immunomodulatory 5 and "biologic 55 do not suffice to meet 
the written description requirement. 

Applicants have amended claims 25 and 26 to remove the term "analog; 55 amended 
claims 31 and 81 to specify that the biologic is selected from the group of "alefacept, 
inflixamab, adelimumab, efalizumab, etanercept, CDP-870, rituximab, atlizumab, and 
omalizumab 55 and to specify that the small molecular immunomodulator is selected from 
the group of "p38 MAP kinase inhibitors, TACE inhibitors, ICE inhibitors, and IMPDH 
inhibitors; 55 and have canceled claims 51-65 reciting the term "glucocorticoid receptor 
modulator. 55 Applicants submit that that the rejection under 35 U.S.C. § 1 12, first 
paragraph, for written description may now be withdrawn. 

Enablement 

Claims 25-28, 30, 45-50, 55-58, 61-65, and 81 are rejected under 35 U.S.C. § 1 12, 
first paragraph, for lack of enablement. As the basis for this rejection, the Office states 
that "while being enabling for reduction of certain secretions in vitro, [the specification] 
does not reasonably provide enablement for treating the broader immunoinflammatory 
disorders. . ., or decreasing cytokine secretion. . . 5? (Office Action, pg. 5). 

In response, Applicants have amended claim 26 to recite the following 
immunoinflammatory disorders: rheumatoid arthritis, psoriasis, ulcerative colitis, Crohn's 
disease, ankylosing spondylitis, multiple sclerosis, polymylagia rheumatica, and giant cell 
arteritis. Applicants submit that the specification contains data that demonstrates the 
synergistic effect of the combination of a corticosteroid and an SSRI on decreasing the 
secretion of the proinflammatory cytokine, TNFa, and that given these data and the role 
of TNFa in the pathogenesis of the presently claimed immunoinflammatory disorders and 
the effective use of TNFa for the treatment of the majority of these disorders, this 
rejection should be withdrawn. 
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The specification contains data showing the synergistic effect of the combination 
of an SSRI and a corticosteroid on decreasing TNFa secretion/production; paroxetine and 
prednisolone (Table 15, page 84; 0.375 |iM paroxetine + 0.025 |iM prednisolone); 
fluoxetine and prednisolone (Table 16, page 84; 7.23 \xM fluoxetine + 0.006 (iM 
prednisolone); fluoxetine and budesonide (Table 17, page 84; 0.009 \iM fluoxetine + 
0.009 |liM budesonide); paroxetine and dexamethasone (Table 18, page 85: 3.0 (iM 
paroxetine + 0.0063 \iM dexamethasone); fluoxetine and dexamethasone (Table 19, page 
85; 0.036 [iM fluoxetine + 0.0024 \iM dexamethasone); fluoxetine and prednisolone 
(Table 20, page 85; 1.80 juM fluoxetine + 0.0160 (LtM prednisolone); paroxetine and 
prednisolone (Table 21, page 86; 3.30 \xM paroxetine + 0.016 juM prednisolone); and 
sertraline and prednisolone (Table 22, page 86; 4.0 (iM sertraline + 0.0160 \xM 
prednisolone). These data are also summarized in the enclosed Exhibit 1, where it is 
clearly shown that the combined effect of an SSRI with a corticosteroid results in an 
effect that is greater than the sum of the effects of the SSRI and corticosteroid when 
administered alone. Applicants submit that given the in vitro data, one skilled in the art 
would reasonably expect that administration of the combination of a corticosteroid and an 
SSRI would result in a decrease in the secretion or production of a proinflammatory 
cytokine (e.g., TNFa) in vivo. 

Although not agreeing with the Office's position that the claimed methods are not 
enabled for the treatment of the broad class of immunoinflammatory disorders, 
Applicants have amended the claims to recite a specific subset of disorders to expedite 
prosecution of the application. Applicants reserve the right to pursue all canceled subject 
matter in a separate application. For the remaining disorders, namely, rheumatoid 
arthritis, psoriasis, ulcerative colitis, Crohn's disease, ankylosing spondylitis, multiple 
sclerosis, polymylagia rheumatica, and giant cell arteritis, Applicants summarize below 
the published data that establish the relationship between the inhibition of the 
proinflammatory cytokine, TNFa, and the treatment of each of the claimed disorders. 
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Applicants submit that given the data in the specification and the data that establish a 

relationship between the inhibition of TNFa and the treatment of each of the claimed 

immunoinflammatory disorders (discussed below), one skilled in the art would reasonably 

predict that the combination of a corticosteroid and an SSRJ could be used to treat the 

presently claimed immunoinflammatory disorders (see, Declaration of Grant 

Zimmermann, Ph.D.). 

As mentioned above, Applicants present below various lines of evidence that 

establish a relationship between the inhibition of TNFa and treatment of an 

immunoinflammatory disorder. Examples of the types of evidence that point to a role for 

TNFa in the pathogenesis of an immunoinflammatory disorder include the following: 

Type 1. An elevated level of TNFa that is found to correlate with 
the disorder or is found at the sites of inflammation (e.g., in the joints of 
mice with rheumatoid arthritis). 

Type 2. Demonstration of the disorder or an etiologically similar 
disorder in transgenic animals overexpressing TNFa. 

Type 3. Amelioration or prevention of the disorder with TNFa 
inhibitors. 

The first two types of evidence can be used to provide the basis or the rationale for 
therapies aimed at reducing TNFa, while the third type of evidence, demonstration of the 
therapeutic efficacy of a known TNFa inhibitor for a particular disorder, provides the 
proof of principle that inhibition of TNFa can be used to treat the disorder. 

Importantly, for some of the indications described below, the use of 
TNFa inhibitors has not only been shown to be effective, but has been approved by the 
FDA for the treatment of the disorder. Given the rigorous evaluation of the safety and 
efficacy data by a team of physicians, statisticians, chemists, pharmacists, and other 
scientists at the FDA, approval of a TNFa inhibitor for the treatment of a particular 
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disorder provides an almost indisputable correlation between inhibition of TNFa and 
treatment of the disorder. 

Applicants note that, although there are several TNFa inhibitors that are under 
development for the treatment of immunoinflammatory disorders, only three FDA 
approved TNFa inhibitors are included in this summary. These are infliximab 
(REMICADE), which is a chimeric monoclonal antibody that binds TNFa and TNFp; 
etanercept (ENBREL), which is a human TNF receptor protein dimer fused to human 
IgGl that binds TNFa and TNF (5; and adalimumab (HUMIRA), which is a fully 
humanized anti-TNFa antibody. 

Rheumatoid Arthritis 

In support of enablement of the claimed methods for treatment of rheumatoid 
arthritis in a subject, Applicants provide evidence from all three categories listed above 
demonstrating that TNFa is elevated in rheumatoid arthritis (RA) and that inhibition of 
TNFa, through the use of all three recited TNFa inhibitors, is an effective and FDA- 
approved treatment for RA. 

Several lines of evidence exist in animals models that support the importance of 
TNFa in the pathogenesis of human RA. Some of the findings include the detection of 
elevated levels of TNFa in the joints of mice with collagen-induced arthritis (CIA) and 
the prevention or amelioration of CIA with anti-TNF blocking antibodies. CIA is a 
widely accepted animal model for human RA and can be induced in several species by 
immunization with heterologous type II collagen (Durie et al., Clin, Immunol 
Immunopathol 73:11-18, 1994; Badger et al, Artk Rheum. 43:175-183, 2000; and Shou 
et al., Artk Res. Ther, 8:R28, 2006). In addition, inflammatory arthritis has been shown 
to develop in transgenic mice overexpressing TNFa. 

TNFa inhibitors were first used in the U.S. for the treatment of RA in 1998. Since 
then, etanercept, infliximab, and adalimumab have been studied in human subjects, and 
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are now approved by the FDA for the treatment of RA. Several studies of these drugs are 
summarized below. 

The initial studies included only patients with long-standing severe RA that had 
failed multiple conventional treatments. Many patients suffering from RA had rapid, 
positive clinical responses to all three TNFa inhibitors. More recently, patients with early 
disease have had positive responses to the TNFa inhibitors. In addition, radiographic data 
in both early and late disease patients demonstrated the ability of TNFa inhibitors to slow 
or halt the development of new or enlarging erosions and the development of new or 
progressive joint space narrowing in the majority of patients. These results have led to 
the widespread use of TNFa inhibitors as a standard treatment for RA. 

The first approval of etanercept was based on studies demonstrating the 
therapeutic efficacy of the drug in patients having an inadequate response to one or more 
disease-modifying antirheumatic drugs (DMARDs). These studies all showed strong 
positive results for the patients treated with etanercept as compared to those receiving 
placebo and provided sufficient evidence to obtain FDA approval of etanercept for the 
treatment of RA. 

The Early Erosive Rheumatoid Arthritis (ERA) study demonstrated that etanercept 
could be used to treat RA and modify disease progression in patients without any previous 
treatment with methotrexate, a conventional DMARD. The ERA trial was a Phase III 
randomized, double-blind, multi-center trial that included 632 adults who had early stage 
RA (less than three years and had never been treated previously with methotrexate). The 
positive data from this study were used to apply for and obtain FDA approval of 
etanercept for reducing the symptoms in patients with moderately to severely active RA in 
the early treatment of RA. The success of etanercept in this trial was significant because 
effective treatment early in the disease can prevent or reduce the chances of developing 
significant deformities and disabilities as the disease progresses. 
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The ongoing clinical benefits of etanercept for the treatment of RA have also been 
studied in patients using etanercept as monotherapy. For this study, 629 patients were 
observed in an open-label follow up study for five years. Evaluation of the ongoing 
clinical efficacy of etanercept demonstrated that the therapeutic benefits of etanercept are 
continued over time. 

Infliximab was the second FDA-approved TNF inhibitor for the treatment of RA. 
There are numerous published studies demonstrating the efficacy of infliximab for the 
treatment of RA. The ATTRACT trial contributed to FDA approval of infliximab for the 
treatment of RA. The ATTRACT trial was a double blind, placebo-controlled, 
randomized trial of 428 patients at 34 clinical sites in North America and Europe. The 
data from the ATTRACT trial demonstrated a significant improvement in all infliximab- 
treated groups as compared to the placebo group. Analysis after one year of blinded 
therapy confirmed the statistical superiority of all methotrexate plus infliximab treatment 
groups compared to placebo. 

The FDA approval of the third TNF inhibitor, adalimumab, for the treatment of 
RA was based, in part, on the ReAct trial in which 61% of patients who previously failed 
other anti-TNF therapies showed a clinically positive response with adalimumab. 
Adalimumab has subsequently been approved for first-line treatment of recent onset 
moderate to severe RA. 

The literature is replete with studies demonstrating the efficacy of TNF a inhibitors 
in treating RA. A sample of these studies is summarized in Nanda et al. {Expert. Opin. 
Pharmacother. 5:1 175-1 186, 2004). Table 1 in Nanda et al. summarizes five studies that 
demonstrate the efficacy of etanercept as compared to placebo for reducing symptoms of 
RA. Another example can be found in Edwards et al. {Ann. Rheum. Dis. 58 (Suppl. 
I):I73-I8L 1999) which describes a study showing that infliximab has significant effects 
in short-term and long term duration in clinical trials in RA patients. Moreland et al. 
{Ann. Intern. Med. 130:478-486, 1999) describes a study showing that etanercept 
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significantly reduced disease activity in a dose-related fashion in patients with RA in a 
randomized double blind, placebo controlled trial. 

The proven clinical efficacy of three different TNFa inhibitors for the treatment of 
RA combined with the FDA approval of all three TNFa inhibitors for the treatment of RA 
demonstrates the role of TNFa in the pathogenesis of the disease and the importance of 
TNFa inhibitors for the treatment of RA. 

In sum, Applicants have provided ample data supporting a clear basis for the 
translation of TNFa inhibition to the treatment of RA that includes evidence from all 
three types of evidence cited above. This evidence includes the detection of elevated 
levels of TNFa in the joints of mice with collagen-induced arthritis (CIA) (Type 1) and 
the finding that inflammatory arthritis has been shown to develop in transgenic mice 
overexpressing TNFa (Type 2). The FDA approval of three TNFa inhibitors for the 
treatment of RA (Type 3) underscores the scientifically accepted finding that inhibition of 
TNFa is an effective and widely used therapeutic modality for the treatment of RA. 

In view of the above, Applicants submit the above evidence demonstrating a role 
for TNFa in the pathogenesis of RA and the efficacy of anti-TNFa agents for the 
treatment of RA is sufficient to establish that the proven synergistic effects of the 
combination of a corticosteroid and a SSRI against TNFa secretion would reasonably be 
expected to translate into an effective treatment for RA. Applicants respectfully request 
that the enablement rejection, as it applies to RA, be withdrawn. 

Psoriasis 

In support of enablement of the claimed methods for treatment of psoriasis in a 
subject, Applicants provide evidence that TNFa is elevated in human patients with 
psoriasis and that inhibition of TNFa, through use of all three recited TNFa inhibitors, is 
an effective and FDA-approved treatment for psoriasis. 
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Evidence for the role of TNFa in the pathogenesis of psoriasis includes the 
detection of higher levels of TNFa immunoreactivity and biological activity in lesions 
from patients with psoriasis. For example, Krueger et al. (Arch. Dermatol 140:218-225, 
2004) describe the finding that the production of TNFa by peripheral blood mononuclear 
cells from patients with active psoriasis was positively linked with clinical severity, and 
that levels of TNFa in psoriatic skin blister fluids are significantly correlated with 
Psoriasis Area and Severity Index (PASI) scores. These studies link TNFa levels with the 
severity of symptoms of psoriasis. 

Ettehadi et al. {Clin. Exp. Immunol 96:146-151, 1994) analyzed aqueous extracts 
from psoriatic skin lesions for the presence of TNFa immunoreactivity 7 and biological 
activity, and found that TNFa immunoreactivity and biological activity were consistently 
higher in lesions as compared with uninvolved samples. These results demonstrate that 
TNFa is elevated in patients with psoriasis, particularly at the active lesions. 

The first TNFa inhibitor to be approved for the treatment of moderate-to-severe 
psoriasis was etanercept. Studies of the efficacy of etanercept in patients with psoriasis 
demonstrated that nearly half of patients (i.e., 47% in study I and 46% in study II) taking 
etanercept experienced 75% or better improvement in psoriasis severity. 

On September 27, 2006, the FDA approved infliximab for the treatment of severe 
plaque psoriasis. In one Phase III clinical trial (the EXPRESS trial), 80% of patients 
receiving infliximab achieved 75% improvement in psoriasis versus 3% of patients 
receiving placebo. Similar results were seen with EXPRESS II. the second Phase III 
study. 

In 2008, adalimumab also received FDA approval for the treatment of adult 
patients with moderate-to-severe chronic plaque psoriasis. The approval was based on 
two pivotal clinical trials, REVEAL and CHAMPION, showing that nearly 3 in 4 patients 
achieved 75% clearance or better at week 16 of treatment versus placebo. 
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Additional studies demonstrate the efficacy of TNFa inhibitors for the treatment of 
psoriasis. For example, in a Phase II study using etanercept for the treatment of patients 
with chronic plaque psoriasis, 56% showed a 75% improvement in Psoriasis Area and 
Severity Index (PASI) score and a 75% response in lesion clearing as compared with only 
5% and 4%, respectively, of the placebo-treated patients. 

The results of these studies, along with the approval by the FDA of three TNFa 
inhibitors for treatment of psoriasis, demonstrate that inhibition of TNFa is an effective 
therapeutic modality for the treatment of psoriasis. 

Applicants submit the above evidence demonstrating a role for TNFa in the 
pathogenesis of psoriasis and the efficacy and FDA-approval of anti-TNFcc agents for the 
treatment of psoriasis is sufficient to establish that the synergistic effects of Applicants' 
combination of a corticosteroid and a SSRI would reasonably be expected to translate into 
an effective treatment for psoriasis. Applicants respectfully request that the enablement 
rejection, as it applies to psoriasis, be withdrawn. 

Ulcerative Colitis 

In support of enablement of the claimed methods for treatment of ulcerative colitis 
(UC) in a subject, Applicants provide evidence that TNFa is elevated in UC and that 
inhibition of TNFa, through use of three TNFa inhibitors (including one that is FDA- 
approved for the treatment of UC) is an effective therapeutic against UC. 

There is evidence in the literature demonstrating an elevation in TNFa levels in 
inflammatory bowel diseases (IBDs) in general (see for example, Ardizzone et al., J. 
Intern, Med. 252:475-496, 2002; and Lichtenstein et al, Inflammatory Bowel Diseases 
7:89-93, 2001). Additional studies report increased levels of TNFa in UC specifically 
(see, Shen et al., J. Clin. Gastroenterol 38:741-745, 2004; and Lichtenstein et al., supra). 
In one particular reference, Murch et al. {Gut 34:1705-1709, 1993) describe their findings 
that TNFa-immunoreactive cells are present at high density in the lamina propria in both 

22 



IBDs, Crohn's Disease (CD), and UC, and within the submucosa in CD, and conclude 
that these results support the use of TNFa inhibitors for the treatment of IBDs in general. 

There is also an animal model, described in Shen et al. {supra) and Lichtenstein et 
al. {supra), that supports the role for TNFa in the pathogenesis of UC. This animal model 
is a cotton-top tamarin, which spontaneously develops UC with complications similar to 
those found in human UC. TNFa levels are increased in the feces of these animals and 
CPD571, a chimeric anti-TNFa antibody similar to infliximab, has been shown to 
produce rapid clinical and histological improvement in these animals. These results show 
the correlation between TNFa levels and UC in humans and in an animal model, 
providing evidence under types 1 and 2 above, and suggest that TNFa inhibitors may be 
effective for the treatment of UC. 

Several trials evaluating the use of TNFa inhibitors for the treatment of UC 
provided the foundation for the development of two clinical trials that led to the approval 
of infliximab for the treatment of UC. In one of the trials, conducted by Sands et al. 
{Acta. Gastro-Enterologica Belgica 64:205-209, 2001), 50% of patients who received 
infliximab showed clinical response, while none of the three patients receiving placebo 
had a response. The trial showed promise, but was terminated due to slow recruitment of 
patients. Shen et al. {supra) and Lichtenstein et al. {supra) summarize several studies 
examining the current therapeutic approaches to UC, including the use of TNFa 
inhibitors. For example, Table 1 of Shen et al. lists 10 separate studies using infliximab 
for the treatment of UC and indicates that the response rate ranges from 39% to 100% in 
the various randomized, double-blind placebo, and retrospective studies. Shen et al. 
postulate that the cytokines involved in UC may vary in some patients and that clinical 
improvement seen with TNFa inhibitors may occur in those patients having an 
overproduction of TNFa. Lichtenstein et al. {supra) also summarizes studies of 
infliximab for the treatment of UC and concludes that, despite the small number of 
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patients in the trial, the results suggest that infliximab was well-tolerated and may provide 
clinical benefit to patients with severe, steroid-refractory UC. 

In September of 2005, infliximab was approved by the FDA for the treatment of 
UC based on positive results from two randomized, placebo-controlled, pivotal Phase III 
clinical trials, ACT 1 and ACT 2, to evaluate the safety and efficacy of infliximab in 
patients with moderate to severely active UC. In each trial, 364 patients with active UC 
who were unresponsive to at least one standard therapy were enrolled. In ACT 1, 
significantly higher proportions of patients receiving infliximab achieved clinical 
response at week 8 and at week 30 versus patients receiving placebo infusions. Mucosal 
healing was also achieved in significantly more patients receiving infliximab than patients 
receiving placebo infusions, 

In ACT 2, significantly higher proportions of patients receiving infliximab 
achieved clinical response at week 8 and week 30 versus patients receiving placebo 
infusions. 

The evidence for a role for TNFa in IBDs, in general, and in UC specifically, can 
be found throughout the literature. Taken together with the strong positive results and the 
FDA approval of infliximab for the treatment of UC, these findings support the assertion 
that inhibition of TNFa is a clinically proven therapeutic modality for treating UC. 
Applicants submit that this evidence is sufficient to establish a role for TNFa in UC and 
that the proven synergistic effects of Applicants' claimed combination of a corticosteroid 
and an SSRI would reasonably be expected to translate into an effective treatment for UC. 
Applicants respectfully request that the enablement rejection, as it applies to UC, be 
withdrawn. 

Crohn 's Disease 

In support of enablement of the claimed methods for treatment of Crohn's Disease 
(CD) in a subject, Applicants provide evidence that TNFa is elevated in CD and that 
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inhibition of TNFa is an effective therapy against CD. Applicants note that two of the 
TNFa inhibitors have already been FDA-approved for the treatment of CD. These results 
are discussed in detail below. 

CD is characterized by mucosal inflammation with enhanced expression of TNFa 
and chemokines, and destruction of the epithelial lining (see Schreiber et aL Lancet 
353:459-461, 1999). There is evidence in the literature that TNFa is elevated in CD and 
may be critical for the mucosal inflammation seen in IBDs and in CD specifically. Braun 
et al. {Ann. Rheum. Dis. 61(Suppl. III):iii51-iii60 5 2002) summarize some of the findings 
regarding TNFa and CD in Table 1 5 and state that in vitro studies have shown that TNFa 
is increased in the mucosa of patients with CD. In addition, Ardizzone et al. (supra) state 
that IL-1 and TNFa appear to be critical to the amplification of mucosal inflammation in 
IBDs, and Figure 1 of Ardizzone et al. shows TNFa as a key cytokine involved in the 
development of CD. As described above for UC, Murch et al. (supra) studied the 
distribution and density of TNFa containing cells in the mucosa of patients with IBD and 
found that TNFa-immunoreactive cells are present at high density in the lamina propria in 
both CD and UC, and within the submucosa in CD. Murch et al. conclude from their 
study that therapeutic inhibition of TNFa may provide potent and selective options for the 
treatment of CD. All of these studies demonstrate a correlation between elevated TNFa 
levels and IBDs, particularly CD, in humans. 

Nikolaus et al. (Lancet 356:1475-1479, 2000) examined the treatment of refractory 
CD with infliximab in patients in whom remission was short-lived and in whom there was 
a possible link with TNFa levels. Their studies were based on the finding that a single 
application of infliximab induced rapid clinical improvement in most patients, but that 
remission in these patients was sometimes short-lived. They measured the concentrations 
of NFkB and TNFa levels in the infliximab-treated patients and found that NFkB and 
TNFa were significantly higher in patients prior to relapse than in patients staying in 
remission. They concluded that these results underscore the important pathophysiological 
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role of TNFa secretion and NFkB activation in intestinal inflammation in CD. Again, 
these results demonstrate the correlation between TNFa levels and CD, and provide the 
basis for developing additional therapies that target TNFa for the treatment of CD. 

Like many of the disorders described above, CD is an example of an 
immunoinflammatory disorder where, based on the results showing the relevance of 
TNFa in the pathogenesis of the disease, TNFa inhibitors were tested for therapeutic 
efficacy in the treatment of CD. One of the TNFa inhibitors, infliximab, was granted 
FDA approval for the treatment of CD in 1998. 

Infliximab has been proven to be efficacious in the treatment of IBD including 
fistulating disease. The FDA approval of infliximab as maintenance therapy was based, 
in part, on data from the ACCENT I trial, a multi-center, randomized international trial of 
545 patients with moderate-to-severely active CD who failed conventional therapies (e.g., 
5-aminosalicylates, immunomodulators, and steroids). The trial continued through 54 
weeks. The findings of the ACCENT I study demonstrated that at week 2, 57% of 
patients were in clinical response and at week 30, a significantly greater proportion of 
patients in the infliximab maintenance groups achieved clinical remission compared to 
patients in the placebo maintenance group. Additionally, a significantly greater 
proportion of patients in the infliximab maintenance groups were in clinical remission and 
were able to discontinue corticosteroid use compared to patients in the placebo 
maintenance group at week 54. The success of this trial contributed to FDA approval of 
infliximab for acute and maintenance therapy for CD. 

Infliximab has also been approved for fistulizing CD based, in part, on the 
ACCENT II trial, which included a total of 296 patients with fistulizing CD in North 
America, Europe, and Israel. For this study, patients with either single or multiple 
draining enterocutaneous fistulas for at least three months were given a dose of infliximab 
at weeks 0, 2, and 6, and checked for a fistula response throughout the 54-week study. 
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The results of this study demonstrated that infliximab induced and maintained a fistula 
response, and reduced the number of hospitalizations and surgeries in the treated subjects, 

In 2007, Abbott received FDA approval to market adalimumab for the treatment of 
moderate-to-severely active Crohn's disease. FDA approval was based on their success 
with the drug in three randomized, double-blind, placebo-controlled, multi-center trials: 
CLASSIC I, CHARM, and GAIN. In these trials, adalimumab demonstrated statistical 
significance in inducing and maintaining clinical remission in patients with moderate-to- 
severe Crohn's disease. These trials are summarized below. 

CLASSIC I was a study of 299 patients with moderate-to-severe Crohn's disease, 
which showed that initiating treatment with adalimumab resulted in a statistically 
significant greater percentage of patients achieving clinical remission at four weeks 
compared to placebo. 

CHARM was a 56-week trial of patients with moderately-to-severely active 
Crohn's disease. The 499 patients who demonstrated clinical response to adalimumab 
during a four-week open-label induction phase were randomized to receive either 
adalimumab or placebo. A statistically significantly greater percentage of those who 
continued on adalimumab maintained clinical remission through one year compared to 
placebo. 

GAIN evaluated the efficacy of adalimumab in moderately-to-severely active 
Crohn's disease patients who had previously lost response or were unable to tolerate 
infliximab, a group of patients currently without effective treatment options. The results 
from the GAIN trial are not yet publicly available. 

As with the disorders listed above, there are numerous additional studies in the 
literature that describe the treatment of CD with a TNFa inhibitor. Raza et al. 
{Microscopy Res, Tech. 50:229-235, 2000) demonstrated that with infliximab therapy, 
clinical improvements in CD become apparent within 5 days, and last for 10-12 weeks in 
most patients. Mpofu et al. (Rheumatology 44:271-272, 2005) compares the efficacy of 
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TNFa inhibitors in various inflammatory disorders and states that in CD there is a clear 
clinical benefit with infliximab treatment but not with etanercept. This discrepancy 
between infliximab and etanercept is noted throughout the literature (see, for example, 
Sandborn et al. ? Gastroenterology 121:1088-1094, 2001) and some of the proposed 
explanations include an ineffective dose, different capacities to penetrate the gut wall, and 
the ability of infliximab to lyse cells expressing surface TNFa contributing to the 
suppression of the inflammatory response. A summary of some additional clinical trials 
of TNFa inhibitors for the treatment of CD is provided in Ganesan et al. (Curr. Op, 
Invest Drugs 3:1301-1306, 2002). 

In sum, there is ample evidence in the literature demonstrating elevation of TNFa 
levels in patients with CD, particularly at the sites of mucosal inflammation. This 
evidence, when combined with the FDA approval of two TNFa inhibitors for treatment of 
CD, provides a sound basis for the use of compounds that inhibit TNFa production or 
activity for the treatment of CD. Accordingly, in view of the evidence provided 
demonstrating a role for TNFa inhibitors for the treatment of CD, Applicants submit that 
the synergistic effect of the claimed combination of a corticosteroid and an SSRJ against 
TNFa secretion/production would reasonably be expected to translate into an effective 
treatment of CD. Applicants respectfully request that the enablement rejection, as it 
applies to CD, be withdrawn. 

Ankylosing Spondylitis 

In support of enablement of the claimed methods for treatment of ankylosing 
spondylitis (AS) in a subject, Applicants provide evidence that TNFa is elevated in AS 
and that inhibition of TNFa, through the use of TNFa inhibitiors, is an effective therapy 
against AS. Applicants point out that all three TNFa inhibitors have been FDA-approved 
for the treatment of AS. 
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There are several lines of evidence that support the role for TNFa in the 
pathogenesis of AS. One line of evidence is the demonstration, by several groups, that 
TNFa is over-expressed in the sacroiliac joints of patients with AS (Nanda et al., Expert. 
Opin. Pharmacother, 5:1175-1186, 2004; Gorman et al, N. Eng. J. Med. 346:1349-1356, 
2002; Braun et al, Ann. Rheum. Dis. 61(Suppl. III):iii51-iii60, 2002). The second line of 
evidence comes from Crew et al. (J. Interferon Cytokine Res. 18:219-225, 1998), who 
generated transgenic mice that overexpressed a truncated mouse TNFa gene. They found 
that the mouse had an arthritic phenotype that closely resembled human AS and consisted 
of severe axial skeletal kyphosis and ankylosis. The mouse model of Crew et al. 
demonstrates, in vivo, the correlation between mouse TNFa overexpression and the 
development of AS. 

The findings provide evidence under types 1 and 2 (above) that TNFa contributes 
to the pathogenesis of AS. Further, these findings were used to established the scientific 
rationale behind the development of clinical trials testing TNFa inhibitors for the 
treatment of AS. The end result of these trials was that all three inhibitors, namely, 
etanercept, infliximab, and most recently, adalimumab, have been approved by the FDA 
for the treatment of AS (Type 3, above). Some of the data from these clinical trials is 
summarized below. 

The approval of etanercept was based on a randomized, double-blind, placebo- 
controlled study of 277 patients. After six months of twice-weekly treatments, 58% of 
patients who received etanercept showed significant improvement on a scale that 
measured pain, function, and inflammation compared to 23% who received a placebo. 

The approval of infliximab for AS was based primarily on the 24-week results of 
the ASSERT trial, which demonstrated that AS patients treated with infliximab achieved 
significant improvement in signs and symptoms associated with their disorder, including 
reduced spinal pain and increased physical function. ASSERT was a randomized Phase 
III placebo-controlled, double-blind, 3 3 -center trial conducted in North America and 
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Europe. The trial included 279 patients: 201 patients were treated with infliximab and 78 
patients received placebo infusions. 

In the infliximab group, 60% of patients achieved ASAS 20 (Assessment in 
Ankylosing Spondylitis Response Criteria, a composite score that includes spinal pain, 
inflammation, and functionality) compared with 1 8% of patients in the placebo group (p 
less than 0.001). Clinical benefit was observed in patients receiving infliximab as early as 
week two and was maintained over the 24-week study period. Patients receiving 
infliximab also showed significant improvements in individual measurements of disease 
activity, function, and mobility, as well as improvements in chest expansion and patient 
global assessment. 

The approval of adalimumab for the treatment of patients with active AS was 
based, in part, on data from the ATLAS trial ATLAS was a randomized, placebo- 
controlled, double-blind, Phase III study conducted in Europe and the United States. 
Results showed that adalimumab was successful in reducing pain and inflammation in 
patients with AS after 12 weeks of treatment. Other findings demonstrated significant 
improvement in measures of disease activity for many patients treated with adalimumab 
that were first observed at week two and maintained through 24 weeks. ATLAS also 
explored the impact of HUMIRA on enthesitis, a condition in AS characterized by 
inflammation of the ligaments that attach to the bone. At week 24, the mean change in 
the enthesitis symptom score showed significant reduction. 

Other trials of TNFct inhibitors for the treatment of AS have been conducted and 
published. For example, Braun et al. (Ann, Rheum. Dis. 61(Suppl. III):iii51-iii60, 2002) 
describe the results of ten international open label and randomized, controlled studies 
(eight with infliximab and two with etanercept) and conclude that both TNFa inhibitors 
(infliximab and etanercept) are effective in treating patients with AS. Braun et al. 
(Arthritis Res. 4:307-321, 2002) and Sieper et al. (Ann. Rheum. Dis. 60:iii58-iii61, 2001) 
also summarize additional anti-TNFa therapy trials for the treatment of AS. The authors 
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of both articles conclude that these trials demonstrated that TNFa inhibitors produced 
significant improvement in the clinical measurements of AS. Nanda et al. {supra) also 
summarize the results of studies conducted using etanercept for the treatment of AS, 
where significantly more patients in the etanercept group met criteria for response as 
compared to those in the placebo group. 

The proven clinical efficacy of the three recited TNFa inhibitors for the treatment 
of AS, as evidenced by the FDA approval of all three, supports the assertion that TNFa 
has a pathogenic role in AS and that TNFa inhibitors provide an effective therapeutic 
modality for the treatment of AS, 

In summary, there is strong evidence in the literature demonstrating a role for 
TNFa in the pathogenesis of AS and all three recited TNFa inhibitors have been tested 
and approved by the FDA for the treatment of AS. Taken together, Applicants submit 
that these findings are sufficient to support the relationship between TNFa inhibition and 
the treatment of AS, and that given the synergistic effects of Applicants' combination of a 
corticosteroid and an SSRJ against TNFa secretion/production, one skilled in the art 
would reasonably expect Applicants 5 combination to provide an effective treatment for 
AS. Applicants respectfully request that the enablement rejection, as it applies to AS, be 
withdrawn. 

Multiple Sclerosis 

In support of enablement of the claimed methods for treatment of multiple 
sclerosis (MS) in a subject, Applicants provide evidence that TNFa is elevated in MS and 
that this elevation correlates with the activity of the MS lesions. 

TNFa is postulated to play a role in MS pathogenesis and the evidence for this 
includes the finding that TNFa is found in MS lesions in association with CDS" T cells, 
microglia, and astrocytes. Several articles have reported a correlation between TNFa 
levels in the serum or culture supernatants and the clinical course of MS (see, for 
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example, Khoury et al., Neurology 53:758, 1999, and references cited therein). Beck et 
al. {Acta. Neurol. Scand. 78:318-323, 1988) describe a longitudinal study of interferon 
and TNFa expression in twenty MS patients and a healthy control group using a whole 
blood mitogen stimulation assay. Their results demonstrated that prior to exacerbations, 
an increase in IFNy and TNFa production were detected preceding clinical symptoms. 
These results led Beck et al. to conclude that IFNy and TNFa may trigger exacerbations 
at a very early stage and that these cytokines may also play a role in maintaining disease. 
Similarly, Selmaj et al. (J. Clin. Invest. 87:949-954, 1991) identified TNF-a and 
lymphotoxin in acute and chronic active MS lesions but found that these markers were 
absent from chronic silent lesions. TNFa expression was found specifically in astrocytes 
and foamy macrophages in acute lesions indicating that the activation of inflammatory 
cells to express TNFa and lymphocytes occurs within the CNS. These studies 
demonstrate that expression of TNFa is found at the active lesions within MS and may 
play a role in the inflammatory responses in the active MS lesions. 

In one seemingly contradictory report, Vladic et al. {Cytokine 20:86-89, 2002) 
showed that TNFa, assayed by monoclonal antibody-based ELISA could not serve as a 
marker of MS activity because it could not be detected in the cerebrospinal fluid (CSF), 
and was only measured in 20% of the sera samples. However, this finding by Vladic et 
al. may be explained by the findings of Beck et al. and Selmaj et al., described above, that 
the elevated levels of TNFa are found specifically in the active MS lesions or prior to 
exacerbation, and may not be detected in the sera of MS patients. The result of Vladic et 
al. may be further explained by the results of Sharief et al. {N. Engl. J. Med. 325:467-472, 
1991) which describes the finding that high levels of TNFa were detected in the CSF of 
patients with chronic progressive MS and not in patients with stable MS. For this study, 
an ELISA was used to measure TNFa in CSF and serum in 32 patients with chronic 
progressive MS and 20 patients with stable MS. They found high levels of TNFa in the 
CSF of 53% of patients with chronic progressive MS, and the mean TNFa levels were 
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significantly higher in the CSF than in the corresponding serum samples in these patients. 
This lack of increase in the serum samples could explain why Vladic et al. did not detect 
TNFa in the sera of MS patients. Sharief et al. conclude from their studies that TNFa is 
likely released into the intrathecal compartment and that the elevated levels of TNFa in 
CSF correlates with the severity and progression of the disease. Sharief et al. further 
conclude that "the removal of TNFa or neutralization of its effect might be of benefit in 
patients with chronic progressive multiple sclerosis 5 ' (pg. 471, left column, 4th paragraph 
to right column. 1st paragraph). 

Taken together, the data suggest that changes in the production of TNFa may 
occur before onset of neurological symptoms, and is likely to occur in acute or chronic 
MS lesions. As indicated by the excerpt from Sharief et al., such data provides a strong 
basis for the development and testing of TNFa inhibitors in the treatment of acute or 
chronic MS. Data from the use of TNFa inhibitors for the treatment of MS is not yet 
available. 

In sum, Applicants have shown evidence from category 1 above that levels of 
TNFa are increased in the active MS lesions. Applicants submit that, as with these other 
disorders, the scientific evidence supports the relationship between inhibition of TNFa 
and treatment of MS, and that TNFa inhibitors may indeed prove to be an effective 
therapeutic for MS. Applicants submit that the synergistic effect demonstrated for the 
presently claimed combination would reasonably be expected to translate into an effective 
treatment for MS. Applicants respectfully request that the enablement rejection, as it 
applies to MS, be withdrawn. 

Polymyalgia Rhenmatica 

In support of enablement of the claimed methods for treatment of polymyalgia 
rheumatica (PMR) in a subject, Applicants provide evidence that TNFa is associated with 



33 



PMR and that inhibition of TNFa, through the use of a TNFa inhibition is an effective 
therapy against PMR. 

PMR is a chronic inflammatory condition that is characterized by aching and 
morning stiffness in the cervical region, shoulders, and pelvic girdles. TNFa is postulated 
to play a role in the pathogenesis of PRM, and evidence for its role is the increased 
incidence of TNFa microsatellite polymorphisms in patients with PMR relative to control 
subjects (Mattey et al. ? Arth. Rheum. 43:17494755, 2000). The postulated role of TNFa 
in the pathogenesis of PMR is further supported by preliminary clinical studies that 
demonstrate the effectiveness of TNFa inhibition on the treatment of PMR. 

Migliore et al. (Eur, Rev. Med. Pharmacol. Set 9:373-378, 2005) performed a 
study of the affect of infliximab on seven patients having PMR. In the study, all seven 
patients were administered four infliximab infusions at a dose of 3 mg/kg at day 0, day 
15, and at weeks 6 and 24 following the first infusion. Following the last infliximab 
infusion, methotrexate was introduced (7.5 to 10 mg per week) to maintain remission. 
The clinical outcome of the study was monitored by measuring the erythrocyte 
sedimentation ratio (ESR), C-reactive protein (CRP), glycaemia, and heamoglobin A iC 
ration at weeks 0, 6, and 14. Patients enrolled in the study also reported in for a follow- 
up appointment at 7-9 months. 

Migliore et al. report that all seven PMR patients receiving the four infliximab 
infusions showed a remission of clinical symptoms, and five of the seven treated patients 
showed normalization in the serological parameters ESR and CRP. The observed mean 
reductions in ESR and CRP values, at weeks 6 and 14, were statistically significant when 
compared to baseline values (p value less than 0.05). None of the five treated patients 
also having diabetes had an increase in haemogloblin Aj C ratio or glycemia, nor needed 
modification of their diabetes medications. After a mean 8-month follow-up, the 
symptoms and clinical features in these patients were still under control with weekly 
administration of methotrexate. None of the seven patients needed steroid therapy during 
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the follow-up period. The results of this preliminary study suggest that TNFa inhibition 
can be useful in the treatment of PMR patients. 

In summary, there is evidence in the literature indicating a potential role for TNFa 
in the pathogenesis of PMR and a preliminary clinical study that demonstrates the 
effective treatment of PMR using a TNFa inhibitor. Taken together, Applicants submit 
that these findings are sufficient to support the relationship between TNFa inhibition and 
the treatment of PMR, and that given the synergistic effects of Applicants' combination 
of a corticosteroid and an SSRI against TNFa secretion/production, one skilled in the art 
would reasonably expect Applicants' combination to provide an effective treatment for 
PMR. Applicants respectfully request that the enablement rejection, as it applies to PMR, 
be withdrawn. 

Giant Cell Arteritis 

In support of enablement of the claimed methods for treatment of giant cell 
arteritis (GCA) in a subject, Applicants provide evidence that TNFa is associated with 
GCA and that inhibition of TNFa, through the use of a TNFa inhibitior, is an effective 
therapy against GCA. 

GCA or temporal arteritis is an acute vasculitis characterized by destruction of 
arterial architecture, particularly the intima, media, and internal elastic lamina, following 
infiltration of the arterial wall by macrophages, giant cells, and lymphocytes. TNFa has 
been implicated for a role in the pathogenesis of GCA. Field et al. {Rheumatol Int. 
17:1 13-1 18, 1997) performed immunohistochemical assays on biopsies recovered from 
GCA patients. Field et al. discovered that TNFa protein was predominantly detected in 
the inflamed intima and media of GCA biopsy samples, on either side of the internal 
elastic lamina - the predominant site of tissue destruction in GCA. The data of Field et al. 
also demonstrate that TNFa was also primarily located in areas infiltrated by 
macrophages and giant cells, and that up to 60% of the cells in all areas of inflamed 
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arteries were immunopositive for TNFoc protein. Field et al. also reported that more cells 
staining for TNFoc were detected in the intima and media of inflamed vessels than control 
uninflamed arteries (p < 0.003 and p < 0.001, respectively). 

In addition to the immunohistochemical studies reported in Field et al, Mattey et 
al. {supra) have shown that there is an increased incidence of TNFa microsatellite 
polymorphisms in patients with GCA relative to control subjects. The combined data of 
Field et al. and Mattey et al. indicate a role for TNFa in the pathogenesis of GCA. This 
role for TNFa is further supported by three preliminary clinical studies that show a 
positive effect of TNFa inhibition on the clinical outcome of patients with GCA. 

Cantini et al. (Arth. Rheum 44:2933-2935, 2001) reports the treatment of four 
GCA patients with infliximab. Each of the four treated patients in the study had 
previously undergone long courses of corticosteroid treatment without achieving 
remission. The treated patients were administered three intravenous infusions of 
infliximab (3 mg/kg) at weeks 0, 2, and 6, and 5 mg/day prednisone during the first two 
weeks. The administration of the prednisone was ceased if remission was obtained after 
the second infusion of infliximab. The third infusion of infliximab was administered only 
if a patient had achieved clinical remission after the second infusion. The disease 
parameters that were measured in this study were ESR and CRP levels, as well as 
physical symptoms, including systemic symptoms, cranial symptoms, and articular 
symptoms. 

Three of the four patients in this study demonstrated a complete response to the 
infliximab therapy, with both clinical and humoral remission after the second infusion. 
The remission in the three patients continued after the third infusion and during the 
follow-up period without any treatment (after 5-6 months from the third infliximab 
infusion). 

In a second published case study, Ahmed et al. {Clin. Rheumatol 26:1353-1355, 
2007) administered adalimumab to a patient having resistant GCA. The patient 
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demonstrated an alleviation of symptoms following treatment with adalimumab and 
remained asymptomatic up to six months after starting adalimumab. 

In a third placebo-controlled study reported by Martinez-Taboada et al. (Ann, 
Rheum. Dis. 67:625-630, 2008), eight GCA patients were administered etanercept and 
nine GCA patients received a placebo over 1 year, with corticosteroids that were reduced 
according to a predefined schedule. After 1 year in the study, 50% of the patients in the 
etanercept group and 22.2% in the placebo group were able to control the disease without 
corticosteroid therapy. 

In summary, there is evidence in the literature demonstrating a potential role for 
TNFa in the pathogenesis of GCA and three preliminary clinical studies that demonstrate 
the effective treatment of GCA using TNFa inhibitors. Taken together, Applicants 
submit that these findings are sufficient to support the relationship between TNFa 
inhibition and the effective treatment of GCA, and that given the synergistic effects of 
Applicants 5 combination of a corticosteroid and an SSRI against TNFa 
secretion/production, one skilled in the art would reasonably expect Applicants' 
combination to provide an effective treatment for GCA. Applicants respectfully request 
that the enablement rejection, as it applies to GCA, be withdrawn. 

Summary 

Applicants have provided evidence that establishes the relationship between the 
inhibition of TNFa and the treatment of each of the immunoinflammatory disorders 
recited in independent claim 26. The evidence provided includes the demonstration or 
indication of an elevated level of TNFa that correlates with the immunomodulatory 
disorder, demonstration of the disorder or an etiologically similar disorder in transgenic 
animals overexpressing TNFa, and amelioration or prevention of the disorder through the 
use of TNFa inhibitors. 
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Importantly, for all but three of the indications described above, the use of TNFa 
inhibitors has not only been shown to be effective, but the use of TNFa inhibitors has 
been approved by the FDA for the treatment of the disorder. Given the rigorous 
evaluation of the safety and efficacy data by a team of physicians, statisticians, chemists, 
pharmacists and other scientists at the FDA, approval of a TNFa inhibitor for the 
treatment of a particular disorder provides an almost indisputable correlation between 
inhibition of TNFa and treatment of the disorder. 

In view of the evidence provided above, Applicants respectfully submit that the 
synergistic effects proven by Applicants for the claimed combination of a corticosteroid 
and an SSRI against TNFa secretion/production would provide a skilled artisan sufficient 
basis for a reasonable expectation that the claimed combination would provide effective 
treatment for each of the immunoinflammatory disorders of the amended claims. 
Applicants respectfully request that the enablement rejection be withdrawn. 

Rejection under 35 U.S.C. § 112, second paragraph 

Claims 25-28, 30, 45-50, 55-58, 61-65, and 81 are also rejected under 35 U.S.C. 
§ 1 12, second paragraph, as being indefinite for reciting the term "analog." As stated 
above, Applicants have amended claims 25 and 26 to remove the term "analog" and 
therefore, this rejection may be withdrawn. 

Rejections under 35 U.S.C. $ 103(a) 

Rejection over Siegel 

Claims 25-28, 30, 45-50, 55-58, 61-65, and 81 are rejected under 35 U.S.C. 
§ 103(a) as being unpatentable over Siegel. As the basis for this rejection, the Office 
states that Siegel teaches "a method of decreasing proinflammatory cytokine 
secretion. . .in patients with autoimmune disease. . .by use of an immunosuppressive agent, 
including the glucocorticoid prednisolone in combination with the selective serotonin 
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reuptake inhibitor (SSRI) paroxetine. . (Office Action, pg. 9) and that ;i it would have 
been obvious to have selected various combinations of various disclosed ingredients from 
within a prior art disclosure, to arrive [at] compositions 'yielding no more than one would 
expect from such an arrangement" 5 (Office Action, pg. 10). Applicants respectfully 
traverse this rejection. 

The Office cites Siegel for teaching the combination of an SSRI and a 
corticosteroid. Siegel teaches the combination of an immunosuppressive agent from a list 
of 14 different agents (e.g., glucocorticoid; column 3, lines 49-56) and an additional agent 
from a list of 29 agents (e.g., a selective serotonin reuptake inhibitor (SSRI), fluoxetine, 
paroxetine, and sertraline; column 3, line 58, to column 4, line 3) for the treatment of 
narcolepsy and cataplexy. Applicants submit that the Office has failed to provide a 
reason why one skilled in the art would choose the combination of an SSRI and a 
glucocorticoid from the 406 different combinations (14 x 29 = 406) disclosed by Siegel, 
and, for this reason, a prima facie case of obviousness has not been made. 

The Supreme Court recently commented on the standard for obviousness 
rejections: 

Although common sense directs one to look with care at a patent 
application that claims as innovation the combination of two known 
devices according to their established functions, it can be important to 
identify a reason that would have prompted a person of ordinary skill in 
the relevant field to combine the elements in the way the claimed new 

invention does. KSR Int'l Co. v. Teleflex Inc. 550 U.S. x 82 

USPQ2d 1385 (2007) (emphasis added). 

Applicants submit that the Office has not provided a reason why a person skilled in 
the art would arrive at the Applicants 5 invention in view of the large number of potential 
combinations disclosed in Siegel. 

Moreover, as mentioned above, Applicants have discovered that the combination 
of an SSRI and a corticosteroid has an unexpected, synergistic effect on decreasing 
proinflammatory cytokine secretion/production (see, Tables 15-22 of the specification). 
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The Supreme Court's recent comments on United States v. Adams (383 U.S. 39 (1966)) in 

KSR International Co. v. Teleflex Inc. (550 U.S. x 82 USPQ2d 1385 (2007), page 13) 

support a finding of nonobviousness in view of an unexpected result: 

The fact that the elements worked together in an unexpected and fruitful 
manner supported the conclusion that Adams's design was not obvious 
to those skilled in the art. (Emphasis added). 

In addition, the USPTO's Examination Guidelines for Determining Obviousness 

Under 35 103 In View of the Supreme Court Decision in KSR International Co, v. 

Teleflex Inc. (Federal Register Vol. 72, No. 195, page 57534) instructs: 

[I]n the case of a claim to a combination, applicants may submit 
evidence or argument to demonstrate that: 

(1) one of ordinary skill in the art could not have combined the 
claimed elements by known methods (e.g., due to technological 
difficulties); 

(2) the elements in combination do not merely perform the function 
that each element performs separately; or 

(3) the results of the claimed combination were unexpected. 
(Emphasis added). 

As noted above, the specification provides data (see, Tables 15-22) that 
demonstrate the unexpected effect of the combination of an SSRI and a corticosteroid on 
decreasing proinflammatory cytokine secretion/production. These data are summarized in 
the enclosed Exhibit 1, where it is clearly shown that the combined effect of an SSRI with 
a corticosteroid results in an effect that is greater than the sum of the effects of the SSRI 
and corticosteroid when administered alone. 

As Siegel does not teach the synergistic effect of the combination of an SSRI and a 
corticosteroid on decreasing proinflammatory cytokine secretion or production, 
Applicants therefore, respectfully request that the rejection in view of Siegel under 35 
U.S.C. § 103(a) be withdrawn. 
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Rejection over Shi 

Claims 25-28, 30, 45-50, 55-58, 61-65, and 81 are also rejected under 35 U.S.C. 
§ 103(a) as being unpatentable over Shi. As the basis for this rejection, the Office states 
that Shi teaches the "treatment of various diseases by polypeptides of the application, 
in combination with other agents, such as prednisolone, methotrexate, 
HYDELTRASOL.TM (prenisolone). . .and paroxetine. . (Office Action, pg. 1 1) and that 
"it would have been obvious to have selected various combinations of various disclosed 
ingredients from within a prior art disclosure, to arrive [at] compositions 'yielding no 
more than one would expect from such an arrangement 5 " (Office Action, pg. 12). 
Applicants respectfully traverse this rejection. 

The Office cites Shi for teaching the combination of an SSRI and a corticosteroid. 
Shi teaches the combination of one of their disclosed polypeptides with an 
immunosuppressive agent from a list of 24 different agents (e.g., prednisolone, 
glucocorticoids, prednisone, and prednisolone; pg. 124, paragraph 1 101) or with a 
psychiatric drug from a list of 55 agents (e.g., citalopram, fluvoxamine, fluoxetine, 
paroxetine, and sertraline; pg. 129, paragraph 1 130) for the treatment of a variety of 
disorders. Applicants submit that the Office has failed to provide a reason why one 
skilled in the art would choose the combination of an SSRI and a glucocorticoid from the 
1,320 different combinations (24 x 55 = 1,320) disclosed by Shi, and, for this reason, a 
prima facie case of obviousness has not been made. 

Moreover, Applicants have discovered that the combination of an SSRI and a 
corticosteroid has an unexpected, synergistic effect on decreasing proinflammatory 
cytokine secretion/production (see, Tables 15-22 of the specification, and Exhibit 1). As 

noted above, the decision in KSR International Co. v. Tele/lex Inc. (550 U.S. a 82 

USPQ2d 1385 (2007), page 13) supports a finding of nonobviousness in view of an 
unexpected result. As Shi does not teach the synergistic effect of the combination of an 
SSRI and a corticosteroid on decreasing proinflammatory cytokine secretion or 
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production, Applicants therefore, respectfully request that the rejection in view of Shi 
under 35 U.S.C. § 103(a) be withdrawn. 

Rejection for Double Patenting 

Claims 25-28, 30, 45-50, 55-58, 61-65, and 81 are provisionally rejected on the 
ground of nonstatutory obviousness-type double patenting as being unpatentable over 
claims 22-41, 49-53, and 70 of copending Application Serial No. 10/670,488. Applicants 
wish to hold this rejection in abeyance until indications of allowable subject matter in this 
application have been received. 



42 



CONCLUSION 



Applicants submit that the application is now in condition for allowance and such 
action is hereby respectfully requested. 

Transmitted herewith is a Petition to extend the period for replying to the Office 
Action for three months, to and including September 22, 2008. as September 20, 2008 is a 
Saturday, and payment of the required extension fee. 

If there are any additional charges or any credits, please apply them to Deposit 
Account No. 03-2095. 



Clark & Elbing LLP 
101 Federal Street 
Boston, MA 021 10 
Telephone: 617-428-0200 
Facsimile: 617-428-7045 



Respectfully submitted, 



Date: 
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Anti-INFc* Therapy of Rheumatoid 
Arthritis: What Have We Learned? 



Marc Feldmann and Ravinder N. Maini 

Kennedy Institute of Rheumatology Division, Imperial College School 
of Medicine, I Aspenlea Road, London W6 8LH, United Kingdom ; 
e-mail: mfeldmann@ic.ac.uk; r.maini@ic.ac.uk 

Key Words TNFa, cytokines, anti-TNFa antibodies and inhibitors, rheumatoid 
arthritis, immunotherapy 

H Abstract Rheumatoid arthritis (RA), a systemic disease, is characterized by a 
chronic inflammatory reaction in the synovium of joints and is associated with de- 
generation of cartilage and erosion of juxta-articular bone. Many proinflammatory 
cytokines including TNFa, chemokines, and growth factors are expressed in diseased 
joints: The rationale that TNFa played a central role in regulating these molecules, 
and their pathophysiological potential, was initially provided* by the demonstration 
that anti-TNFa antibodies added to in vitro cultures of a representative population of 
cells derived from diseased joints inhibited the spontaneous production of 1L-1 and 
other pro-inflammatory cytokines. Systemic administration of anti-TNFa antibody or 
sTNFR fusion protein to mouse models of RA was shown to be anti-inflammatory and 
joint protective. Clinical investigations in which the activcity of TNFa in RA patients 
was blocked with intravenously administered infliximab, a chimeric anti-TNFa mono- 
clonal antibody (mAB), has provided evidence that TNF regulates IL-6, IL-8, MCP-1 , 
and VEGF production, recruitment of immune and inflammatory cells into joints, 
angiogenesis, and reduction of blood levels of matrix metal loproteinases- 1 and -3. 
Randomized, placebo-controlled, multi-center clinical trials of human TNFa inhibitors 
have demonstrated their consistent and remarkable efficacy in controlling signs and 
symptoms, with a favorable safety profile, in approximately two thirds of patients for 
up to 2 years, and their ability to retard joint damage. Infliximab (a mAB), and etaner- 
cept (a sTNF-R-Fc fusion protein) have been approved by regulatory authorities in the 
United States and Europe for treating RA, and they represent a significant new addition 
to available therapeutic options. 



INTRODUCTION 

Rheumatoid arthritis is one of the commonest human autoimmune diseases, with 
a prevalence of 1%. There is a genetic predisposition, with the clearly defined 
involvement of HLA of DR4/DR1 (1). A shared epitope, a sequence between amino 
acid positions 70 and 74 of the DRB chain that is shared by DR4/DR1 susceptible 
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haplotypes, has been identified (2). This implicates CD4 + T cell recognition at 
some stage of the disease process (3). Concordance in twin studies is low, ranging 
from 35% (4) to 1 5% (5), indicating the role of nongenetic factors. 

The clinical features are mostly due to inflammation and eventual damage to 
synovial joints of hands, feet, wrists, knees, hips, etc. In more severe cases, there 
is extra articular disease, and survival is impaired (6, 7). 

The synovitis involves a massive leucocytic infiltrate chiefly consisting of 
macrophages, T lymphocytes, and plasma cells, and this is associated with aug- 
mented angiogenesis. Where the synovium abuts the cartilage and bone is the site 
of major joint damage. Details of the features of rheumatoid arthritis have been 
documented in detail elsewhere (8, 9). 

Pathophysiology of TNFa 

Despite the discovery of TNFa bioactivity in the 1970s by Old and colleagues 
(10,11) and its cloning (12-14) under different names in the 1980s (such as 
cachectin by Cerami and colleagues), the pathophysiological effects of TNFa and 
its sister molecule lymphotoxin (1 5, 1 6) are still incompletely understood. It is clear 
that many of the in vitro experiments, performed with abundant recombinant TNFa 
(like many other cytokines) at supraphysiological doses, does not represent what 
happens in vivo at the much more limiting physiological doses, and in the presence 
of inhibitors and regulatory pathways. Based on in vitro analysis, it appears that 
TNFa, LTa, IL-la and 0 have almost identical function, and GM-CSF exerts 
almost the same effects. Hence the concept of cytokine redundancy was conceived 
( 1 7, 1 8), which suggested that many cytokines had almost the same properties, but 
the reasons for this cytokine redundancy were never clear. However, experiments 
in vivo using neutralizing antibodies, and especially targeted mutations or gene 
knockouts have shown that cytokine redundancy is much less obvious in vivo. 

The major source of TNFa is the cells of the monocyte/macrophage lineage, 
with T lymphocytes, neutrophils, mast cells, and endothelium also contributing 
under different circumstances. All potentially noxious stimuli, ranging from the 
physical (ultraviolet light, X-radiation, heat) to the chemical and immunological, 
can rapidly induce TNFa production and release (14, 19), In vivo TNFa is the 
most rapidly produced pro-inflammatory cytokine, with serum levels detectable in 
mice.in 30 min (20). Probably the earliest TNFa comes from preformed stores by 
cleavage of membrane TNFa on macrophages, neutrophils, and activated T cells 
by TNFa converting enzyme (TACE/ADAM 17) (21), and release of cytoplasmic 
granules from mast cells and eosinophils. Subsequent release of TNFa is due to 
new synthesis, chiefly in macrophages and T lymphocytes. 

If the rapid release of TNFa at times of stress is blocked, the expression of other 
pro-inflammatory cytokines, such as 1L- 1 and IL-6, is reduced (22). This and analo- 
gous in vitro data (23) suggest that TNFa in vivo coordinates the cytokine response 
to injury and acts as a fire alarm. The induction by TNFa of multiple chemokines 
and adhesion molecules (24.25) is of major importance in rapidly attracting 
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immune and inflammatory leukocytes to the site of injury and TNFa release. TNFa 
also acutely upregulates the function of the immune system (26, 27), but following 
prolonged exposure to an excess of TNFa, it is immunosuppressive (28). 

More details of the multiple functions of TNFa can be found in'the references 
(13,14,19). 

Cytokine Network 

The description of cytokines as chemical entities got off to a slow start. It seemed 
initially that many of the multiple biological activities, described for cell-free 
supernatants termed cytokines, were due to a small set of proteins. Thus inter- 
leukin (IL)-l was independently discovered as lymphocyte activating factor, con- 
nective tissue degradative catabolin, and endogenous pyrogen (reviewed in 29). 
However, over 1 50 cytokines have been identified and cloned (30), and by genome 
sequencing many more cytokine-like molecules of unknown function have been 
uncovered. Many recently described cytokines are not secreted by cells but act by 
cell-to-cell contact, thus confounding the initial definition of cytokines as secreted 
proteins acting as short range intercellular messenger molecules. For an updated 
description of the current status of cytokines, see (30). 

Cytokines are never expressed singly by a cell or tissue. Instead, an activated 
cell (e.g. a macrophage) produces a wide spectrum of cytokines. Similarly all 
cells express receptors for many, but not all, cytokines. Unlike hormones that are 
expressed constitutively, most cytokines are expressed transiently after an inducing 
stimulus. One of the most potent signals for inducing cytokines are other cytokines, 
and so the concept has arisen of a cytokine network in which cytokines induce or 
inhibit each other (17,31,32). This accounts, in part, for the complexity of cytokine 
expression found at any diseased tissue site such as the rheumatoid synovium. How 
this complex mixture of molecules, interacting with multiple cells, is regulated is 
currently only partly understood, but it is becoming evident that dysregulation of 
the cytokine network contributes in a major way to the pathogenesis and pathology 
of rheumatoid arthritis (31-37). 

Key aspects of the cytokine network in health include the transient expression 
of cytokine genes in contrast to the constitutive but regulated expression of cy- 
tokine receptors. However, cytokine receptors also form part of the regulatory 
system as they are downregulated by ligand interaction and most importantly are 
cleaved by metalloproteinase enzymes (21, 38) to yield soluble cytokine receptors 
(39-41). Many, probably most of these soluble receptors [e.g. soluble IL-2 re- 
ceptor (sIL-2R), soluble TNF-receptor (sTNF-R)] are still capable of binding the 
cytokine and hence act as inhibitors by competing with membrane-bound signal- 
ing receptors. Cleavage of receptors also reduces their cell surface density, and 
since cytokine receptors usually need to be aggregated by their ligand to generate 
a signal, the signaling capacity of the cell is inhibited. 

Concomitantly, soon after the release of pro-inflammatory cytokines, other 
cytokines with chiefly anti-inflammatory properties are released that act to limit 
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the duration and extent of the pro-inflammatory effect. These inhibitory cytokines 
include IL-10, TGFp, IL-1 1, and IL-1 receptor antagonist (IL-IRa ) (35, 42-46). 

The relatively easily accessible rheumatoid synovium has become the most ex- 
tensively analyzed tissue site of a local immune and inflammatory reaction. Hence 
much is known about synovial cytokine expression. This has been studied in a va- 
riety of ways, for example, on fresh ex vivo tissue by immunohistology (47) or in 
situ hybridization (48), by examining its waste products found in the synovial fluid 
(49, 50), and also by short-term culture of synovial membrane cells in the absence 
of extrinsic stimulation (23). The latter technique permits the quantitative analysis 
of released proteins and their inhibitors, and it is the procedure we have studied 
most extensively. Using such cultures, we and others have documented expression 
of a great many cytokines in this tissue. The data has demonstrated that there is up- 
regulation not only of pro- inflammatory cytokines but also of the anti-inflarnmatory 
cytokines and cytokine inhibitors, including soluble receptors (23, 47-57). 

Our attempts to understand how this plethora of mediators was regulated in 
the absence of extrinsic stimulation (23) led us to use antibodies to cytokines 
as pharmacological antagonists. This revealed the profound effects of anti-TNFa 
antibody in reducing the production of IL- 1 in rheumatoid synovial cultures and led 
us to the current understanding that TNFa was of major importance in regulating 
the activities of other cytokines (23, 33, 34). A grossly simplified summary of the 
cytokine network in RA is shown in Figure 1 , which does not include the multiple 
cell interactions or the effects of cell recruitment and apoptosis that are most likely 
involved under physiological conditions at sites of inflammation. 

Cytokine Expression and Regulation in RA 

A summary of the many potentially important cytokines found in RA synovium is 
shown in Table 1. It shows that cytokines of essentially all classes are found with 
multiple activities, such as those with pro-inflammatory and anti-inflammatory 
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Figure 1 Cytokine cascade in rheumatoid arthritis. Modified from Feldmann, Elliott, 
Woody and Maini (1997) Advances in Immunology 64:283-350. 
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. TABLE 1 Cytokine expression in rheumatoid arthritis 



Expression 



Cytokine rnRNA protein 



Pro-inflammatory 

IL-la f jS (interleukin 1) + a + 

TNF (tumor necrosis factor alpha) + + 

LT (iympotoxin) + ± 

IL-6 (interleukin 6) + + 

GM-CSF (granulocyte macrophage colony stimulating factor) + + 

M-CSF (macrophage colony stimulating factor) + + 

LIF (leucocyte inhibitory factor) + + 

Oncostatin M (oncostatin M) + + 

IL-2 (interleukin 2) + ± 

IL-3 (interleukin 3) - " 

IL-7 (interleukin 7) ? . ? 

IL-9 (interleukin 9) ? ? 

IL-12 (interleukin 12) + + 

IL-1 5. (interleukin 15) + + 

IFN a,P (interferon alpha/beta) + + 

IFN y (interferon gamma) + ± 

IL-1 7 (interleukin 17) + + 

IL-1 8 (interleukin 18) + + 

Imm unoregulatory 

IL-4 (interleukin 4) ± — 

IL-10 (interleukin 10) + + 

IL-U (interleukin 11) + + 

IL-1 3 (interleukin 13) + + 

TGF & (transforming growth factor beta) + + 

Chemokines 

IL-8 (interleukin 8) + + 

Gro a (melanoma growth stimulating activity) + + 

MIP-1 (macrophage inflammatory protein) + + 

MCP-1 (monocyte chemoattractant protein) + + 

ENA-78 (epithelial neutrophil activating peptide 78) + + 
RANTES (regulated upon activatioin T cell expressed & secreted) + + 

Mitogens 

FGF (Fibroblast growth factor) + + 

PDGF (Platelet-derived growth factor) + + 

VEGF (vascular endothelial growth factor) + + 



Cytokines expressed in rheumatoid synovial tissue. + present, - absent 

Modified after Feldmann, Brennan & Maini (1996), Annual Review of Immunology 14:397-^40. 
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action, growth factors, interferons, etc. A major exception is IL-4 because the 
presence of this cytokine is very rarely reported in RA synovium. This could be 
of pathophysiological relevance, highlighting both the Thl dominance of the 
immune-inflammatory process and the relative lack of its anti-inflammatory 
counter effect. In contrast other anti- inflammatory cytokines are upregulated and 
hence relatively abundant, including IL-10, IL-l 1, and TGF/31 . The latter are ac- 
tive in RA synovium, as neutralizing of IL-10 or IL- 11, for example, markedly 
upregulates TNFa production (58, 59). 

The complexity of cytokine expression in synovium obscures the role that 
any single cytokine might play in pathogenesis of disease. To this complexity, as 
noted by immunohistology, must be added microheterogeneity, in that cytokine 
expression varies from one region to another and is also different at the sites of 
cartilage and bone damage where the synovial membrane abuts on cartilage or 
bone, a tissue termed pannus (60, 61). 

Despite this local heterogeneity, lost when the synovial tissue is dissociated, 
the regulation of rheumatoid cytokine expression studied in in vitro cultures was 
instrumental in providing the initial findings leading to a rationale for anti-TNFa 
therapy in rheumatoid arthritis. Many of the observations made in these rheumatoid 
synovial cultures have been verified to occur in vivo by analyses of clinical trials 
of anti-TNFa in rheumatoid patients (see below). 

Cytokine expression in rheumatoid tissue has been extensively reviewed in 
recent years and hence is not documented in detail here. For comprehensive review 
see (33,37). 

Rationale for Anti-TNFa Therapy in RA 

It is a misconception to think that TNFa was an obvious therapeutic target in the 
early 1990s since it is pro-inflammatory and present in synovium. The same could 
be said for IL-l , IL-6, GM-CSF, IL-8, and so on. The plethora of possible cytokine 
therapeutic targets and the concern about cytokine redundancy led some workers 
in the field to consider cytokines to be poor therapeutic targets. The prevailing 
view in the early 1990s was that blocking any one pro-inflammatory mediator in 
isolation would not be beneficial as those remaining would drive the biological 
processes. 

The first clue that TNFa might be a good therapeutic target has already been 
alluded to, namely the effects of anti-TNFa antibody on cultures of dissociated 
rheumatoid synovial membranes (23). These cultures provide a good model of 
certain aspects of the disease as the cells in these suspensions, namely 30% T, 
30%-40% macrophages, and fewer endothelial cells, fibroblasts, dendritic cells, 
plasma cells, B lymphocytes, etc, reaggregate in vitro and reproduce, in the absence 
of extrinsic stimulation, the molecules that are produced in vivo - e.g. TNFa, IL-l , 
GM-CSF, IL-6, VEGF, MMPs, PGE2, etc. 

Addition of anti-TNFa antibody, but not the closely related anti-LTa antibody, 
inhibited production of IL-l bioactivity (23), This prompted studies of other effects 
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TABLE 2 Rationale for anti-TNFa therapy 

1 . TNFa dependence of pro-infiarnmatory cytokines in 
rheumatoid synovial cultures 

2. Anti TNFa ameliorates inflammation and joint destruction 
in murine collagen induced arthritis 

3. Upregulated TNFa/TNF-R in joints in inflamed synovium 
and the destructive pannus-cartilage junction 



of anti-TNFa in rheumatoid synovial cultures in vitro; downregulation of syn- 
ovial GM-CSF (62), IL-6, IL-8 was noted (33), Hence blocking a single pro-in- 
flammatory cytokine led to the diminution in production of omer pro-inflammatory 
cytokines with closely related action in the diseased tissue (e.g. IL-1, GM-CSF, 
IL-6) and suggested that cytokine redundancy in this diseased tissue may not be a 
major problem. 

As it is possible to artefactually induce pro-inflammatory cytokines rapidly 
in vitro, for example with LPS, which contaminates serum and glassware, the 
verification by immunohistologic approaches of upregulated TNF/TNF-receptor 
expression (not involving tissue culture) on freshly frozen tissue (47, 63) was a 
valuable confirmation that TNF/TNF-R interactions might be important in vivo. 
The findings also contributed to the emerging concept that TNFa might be a good 
therapeutic target in RA. 

Whereas there are often significant differences between animal models of dis- 
ease and'the authentic human disease (64, 65), there are benefits of using animal 
models because physiological aspects of disease, e.g. cell trafficking, cannot be 
mimicked in vitro. Collagen-type II induced arthritis, which has many resem- 
blances to RA but also some differences, was the model initially used to test 
whether TNFa blockade was beneficial in vivo. Several groups performed similar 
studies simultaneous with anti-TNFa agent and reported their results in 1 992/3 993 
(66-69). All of them demonstrated a clear benefit of TNFa inhibition by antibod- 
ies or TNF-R Fc fusion proteins on collagen induced arthritis, most notably even 
if the treatment was begun after disease onset. 

A summary of the rationale for anti-TNFa therapy of RA is presented in 
Table 2. 

INHIBITORS OF TNFa IN CURRENT CLINICAL USE 

At present (June 2000), the only drugs that are in clinical practice or in clinical trials 
to block TNFa are biologicals, protein-based drugs, either antibody to TNFa or 
based on TNFa receptors (e.g. linked to Fc dirners). These agents have the major 
advantage of specificity (70) but have significant disadvantages, including the 
need for repeated injection and their relative high cost compared to small organic 
chemical drugs (71). 
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Monoclonal Antibodies 

Chimeric Monoclonal Anti-TNFa, Infliximab (Remicade™) This antibody 
was chimerized and is a mouse Fv, human IgGl, k antibody of high affinity and 
neutralizing capacity with the potential for effector functions on human cells (72). 
This was the first anti-TNFa antibody used for therapy of RA (73) and is now 
approved for this indication and for Crohn's disease in the United States and more 
recently in Europe for both these indications. 

Human Monoclonal Anti-TNFa Antibodies Subsequent to the use of inflix- 
imab in clinical trials of RA, other anti-TNFa antibodies and fusion proteins, 
which had been developed for use in sepsis, were diverted for use in RA. The first of 
these was a humanized, complementarity determining region (CDR) grafted mon- 
oclonal antibody, CDP571, developed by Celltech (74). Subsequently, a human 
antibody, D2E7, produced by phage display by Cambridge Antibody Technology, 
has entered clinical development with BASF/Knoll (75). The newest entrant to the 
anti-TNFa antibody field is a PEG-linked Fab fragment, CDP870, from Celltech, 
which can be produced in E. coli (76). 

TNF Receptor Based Biologicals 

As the TNF receptors possess a high affinity for TNFa, these molecules in their 
soluble form are also potential TNFa inhibitors. The cleaved soluble p55 and p75 
TNF receptors are present in body fluids at ng/mi concentrations (39-41), act as 
physiological inhibitors, and have been engineered as pharmaceutical inhibitors, 
as described below. 

p75 TNF-R Fc Fusion Protein, Etanercept (Enbrel™) As TNFa is a trimer, 
a TNF-R dimer would more effectively compete with binding of TNFa to the 
membrane receptors than a mononomer and prevent cell signaling. Engineered p75 
TNFR dimers linked to Fc portion of IgG were shown to be effective inhibitors, 
first in animal models (77) and subsequently in clinical trials. 

p55 TNF-R Fc Fusion Protein, Lenercept This is a similar dimer based on p55 
TNF-R, but while it was effective in animal models (78), it was less successful in 
the clinic than etanercept or infliximal and has been abandoned. 

Pegylated Truncated p55 TNF-R A truncated p55 TNF-R was produced in order 
to overcome the immunogenicity of a dimeric pegylated full-length p55 TNF-R. 
It is PEG-linked to prolong its circulating half-life (79). 

CLINICAL EFFICACY OF ANTI-TNFa BIOLOGICALS 

Since clinical trials of anti-TNFa biologicals in RA began in 1992, the results 
have been very consistent, with all the TNFa inhibitors tested being efficacious 
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TABLE 3 Anti-TNF agents in clinical trials in rheumatoid arthritis 



Name Composition 



Manufacturer 



Monoclonal antibodies 

Infliximab, Remicade™ Chimeric (mouse x human) 



Centocor, USA 



mAb 



CDP57 1 Humanized murine CDR3 



Celltech,UK 



engrafted mAb 



D2E7 Human mAb 



Cambridge Antibody 
Technology/BASF 



Soluble TNFR:Fc (IgG) 



Fusion Proteins 
Etanercept, Enbrel™ 



p75TNFR:Fc 



Immunex/American Home 
Products 

Roche, Switzerland 



Lenercept 



p55TNFR:Fc 



(Table 3). In the absence of direct comparisons, it is not possible to conclude 
whether apparent differences in outcome measurement between these agents are 
due to pharmacological effects or clinical heterogeneity of patient populations. 
However, the concept of TNFa as a major therapeutic target in RA has been amply 
validated, and two of these agents, etanercept and infliximab, have been approved 
for treatment of rheumatoid arthritis by the FDA and the European agency. At the 
time of writing (June 2000), almost 100,000 rheumatoid patients have been treated 
with one or other of these agents. 

Clinical Efficacy of Anti-TNFa, Infliximab 

Infliximab was the first anti-TNFa agent to be used for the treatment of RA and 
is the most intensively investigated in clinical pharmacological studies. The first 
Phase 1/11 study was an open (nonplacebo controlled) trial of infliximab in long- 
standing active RA patients who had failed all prior therapy; it was initiated in 
May 1 992. A high dose of anti-TNFa antibody was given (20 mg/kg over 2 weeks 
in either 2 or 4 infusions) (73) as animal model studies had demonstrated that 
efficacy required a dose in this range (67). 

The clinical results were notable, with patients reporting alleviation of symp- 
toms such as pain, morning stiffoess, tiredness, and lethargy within hours; a reduc- 
tion in the numbers of swollen joints and tender joints was observed by 2 to 4 weeks. 
While all 20 patients in this trial benefited to a variable degree, the response was 
temporary, lasting from 8 to 22 weeks (73). A subset of these patients was re-treated 
(with 10 mg/kg) for a further 3 cycles of infusions with infliximab; each followed 
with a renewed response of a similar magnitude and limited duration (80). These 
highly encouraging results laid the foundation for the concept that repeated long- 
term treatment with anti-TNFa was possible for chronic diseases such as RA. 

A double-blind, randomized, placebo controlled clinical trial quickly followed 
and established efficacy of infliximab in controlling signs and symptoms of RA. 
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Seventy-three patients with active RA despite previous anti-rheumatic therapy 
were given a single intravenous infusion of infliximab at either high (10 mg/kg) or 
low (1 mg/kg) doses. The end point of this study was response to therapy evaluated 
at the end of four weeks by the Paulus criteria, a composite index requiring im- 
provements in at least four out of six variables, including tender and swollen joint 
counts, duration of morning stiffness and reduction in ESR or C-reactive protein 
(CRP), and the patient's and physician's global assessment of disease activity. 

The results of this intention-to-treat analysis were clear cut, in that 2/24 (8%) 
patients given placebo infusion met these criteria, compared with 1 1 out of 25 
(44%) at the low dose and 19 of 24 (79%) at the high dose of infliximab. All 
patients were followed to relapse; the median duration of response at 1 mg/kg 
was found to last 3 weeks and at 10 mg/kg lasted 8 weeks (81). The degree of 
improvement was high, with a 60%-70% reduction in measures of disease activity 
such as tender or swollen joint counts and CRP. The results of this trial not only 
provided a formal proof of concept (73), they also stimulated initiation of clinical 
trials with other TNFa inhibitors, e.g. lenercept, etanercept, CDP571 , which had 
been developed for use in sepsis. 

As established RA is a chronic disease, the aim of the next most important 
clinical trial was to demonstrate that multiple doses of anti-TNFa could be admin- 
istered safely over a prolonged period without any loss of efficacy. Thus, a longer 
term trial was initiated involving patients with active disease despite methotrexate 
(MTX) therapy. Five infusions of placebo or infliximab at three dose levels were 
administered, either with a continuing fixed low dose of methotrexate, or without 
methotrexate over a 14-week period, with a final assessment at 6 months (82). 
Since MTX in low doses once a week has become established as one of the more 
durable and effective therapies for RA, patients whose disease activity persisted 
despite this drug were recruited in this randomized placebo trial. The enhanced 
efficacy of anti-TNFa therapy by anti-CD4 antibody in collagen induced arthritis 
provided the rationale for the combination of infliximab and MTX which also has 
anti-T cell activity (83). 

A total of 101 patients with longstanding active disease were stabilized on 
MTX 7.5 mg weekly and allocated to one of seven groups. A control group received 
placebo infusions (plus MTX), three groups received infliximab at 1 , 3 , or 1 0 mg/kg 
of body weight plus MTX, and another three groups at 1, 3, or 10 mg infliximab 
plus placebo tablets instead of MTX. The response was assessed by the Paulus 
criteria at baseline and over the next 6 months. 

In the absence of MTX, there was a very clear dose response. Infliximab at a 
dose of 1 mg/kg yielded a 20% Paulus response in 60% of patients at 3 weeks, 
but this was not sustained despite repeated infusions. In contrast, 60% of patients 
receiving higher doses (3 mg/kg and 10 mg/kg) maintained benefit for about 16 
weeks and diminished thereafter. 

In the presence of MTX the results were different. All 3 doses (1, 3, 10 mg/kg) 
gave a sustained response, which at the higher two doses was sustained from the 
last treatment at 14 weeks to the 26 th week and end of the trial. The reasons for 
the difference are discussed later. 
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A phase 111 randomized, placebo-controlled study, ATTRACT fanti-T NF 
therapy of rheumatoid arthritis with concomitant therapy), included patients 
with active disease despite their use of relatively high dose MTX-median dose, 
15 mg/week. Some 428 patients from Europe and United States and Canada were 
enrolled and randomized into 5 groups. They were all maintained on MTX (last 
dose carried forward) and were given either 3 or 10 mg/kg infliximab at 0, 2, and 
6 weeks and then continued at either 4 or 8 weekly intervals. The control group 
received MTX plus placebo infusions. The five groups were well matched for 
disease duration, severity, and disease activity at baseline (84). 

This trial is continuing for two years, and the results have been decoded at 6 
months (for signs and symptoms) and at 1 year (for X-ray assessment of joint 
damage) and at 2 years. There was a rapid onset of response, with a significant 
improvement in symptoms and signs by 2 weeks, and the great majority of pa- 
tients achieved the American College of Rheumatology 20 criteria of response by 
6 weeks, but with further increments in .the number of responders up to 1 year 
(Figure 2); Over 60-70% change in individual parameters of disease activity was 



8 weekly treatment 4 weekly treatment 




• Placebo 

♦ Infliximab, 3 mg/kg of body weight plus methotrexate 
■ Infliximab, 10 mg/kg of body weight plus methotrexate 
A Drug administration 



Figure 2 Efficacy of combination of infliximab and methotrexate versus methotrexate and 
placebo. Percentage of patients achieving a clinical response of 20% change from baseline as 
defined by the American College of Rheumatology criteria. Patients were treated with methotrex- 
ate (10-35 mg/week) and either placebo, 3 or 10 mg/kg inflixamab administered intravenously 
at time points indicated, in a DMARD unresponsive patient group with active disease despite 
methotrexate therapy (Maini et al; Lancet 1999-84). 
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achieved in the infliximab groups as compared to placebo. Between 50% and 60% 
of patients reached the 20% ACR criterion for improvement in all four active treat- 
ment groups. The sensitive biochemical marker of disease activity, CRP, reached 
normal limits within 2 weeks and remained at these concentrations throughout. 

The 54-week end point of the ATTRACT trial was joint protection as judged by 
a change of deterioration in radiographs of the hands and feet, assessed by the Van 
der Heijde modification of the Sharp scoring system (85). This score attempts to 
assess cartilage and bone loss separately and has been shown to progress steadily 
during the disease, despite conventional (i.e. non anti-TNFa) therapy. 

In the ATTRACT trial, the total Van der Heijde score (joint space narrowing and 
erosions in hands and feet) of the MTX alone group (placebo infusion) progressed 
as anticipated, with an increase in score of 4.0 (median) or 6.97 (mean). In contrast 
was a median score of 0.0 (mean 0.55) in the 340 patients treated with infliximab 
at various regimes. Zero change in the radiographic score from baseline in about 
50% of the infliximab treated population was of interest as it occurred in patients 
who satisfied clinical responses assessed by the 20% ACR criteria as well as those 
who failed to do so. Moreover, the effect on halting of progression held true when 
the data were analyzed for a change in joint space narrowing and erosion counts 
separately (86) and subsequently at 2 years. 

Results with CDP571, Humanized Anti-TNFa 
Monoclonal Antibody 

The groups of Isenberg and of Panayi (87) reported that CDP571 was effective in 
RA patients at doses of 10 mg/kg, but not at 1 mg/kg. While this result was the first 
to confirm those obtained with infliximab, the CDP571 anti-TNFa appeared to be 
less effective than infliximab at equivalent doses. Its development seems to have 
been discontinued for RA, possibly because it appeared less effective; however, it 
is still in development for Crohn's disease (96). 

D2E7 A Human Anti-TNFa Monoclonal Antibody 

Whereas there are few publications with D2E7, a number of studies are published 
as abstracts. The overall picture is that D2E7 appears to be an effective anti-TNFa 
antibody, efficacious in RA by both subcutaneous and intravenous injection, over 
a range of doses. The clinical results so far appear to be comparable to those 
obtained with infliximab or etanercept (88-92). The mechanism of action studies 
so far indicate similar results to infliximab, for example, the reduction in IL-1 
expression (93). Joint protection was described after long-term treatment (92). 

TNFa Blockade with Etanercept (Enbrel™) 

The efficacy of etanercept in RA has been demonstrated in a series of clinical trials 
that led to its approval by the FDA in November 1998. A dose ranging phase II 
study compared 0,25, 2, and 1 6 rng/m 2 etanercept subcutaneously twice a week for 



ANTI-TNFc* THERAPY 175 



70 




0 1 2 3 4 5 6 

Month 

Figure 3 Efficacy of etanercept versus placebo. ACR 20% results in patients treated with two 
doses of etanercept or placebo injections administered subcutaneously twice weekly over a six- 
month period in DMARD unresponsive population. A 25 mg etanercept, a 10 mg etanerce[t 
• placebo (Morelandetal, ,4™. Internal Med, 1999). 

three months. The highest dose yielded approximately a 60% reduction in swollen 
and tender joints, compared to 25% with placebo (94). 

In a further trial, etanercept was administered at 10 or 25 mg subcutaneously 
twice per week for 6 months and compared to placebo. The 25 mg dose was 
efficacious at 3 and 6 months; 59% showed an ACR 20 response at 6 months, 
compared to 1 1% with placebo (95) (Figure 3). 

Etanercept was added to treatment with MTX in another randomized trial in- 
volving 89 patients with active disease despite MTX therapy: 71% of the patients 
receiving MTX plus etanercept responded, versus 27% in the MTX plus placebo 
(96). In this trial there was no treatment group which received etanercept alone, 
hence it is not clear whether MTX. plus etanercept is more efficacious than etan- 
ercept alone, as was demonstrated in infliximab trials in which treatment groups 
receiving infliximab alone could be compared with infliximab co-administered 
with MTX (82). 

Other studies have investigated progression in joint damage using etanercept. 
The results were presented at the November 1999 American College of Rheuma- 
tology Meeting. Both 10 mg and 25 mg etanercept subcutaneously twice weekly 
for 1 year were compared to MTX in patients with active RA of less than 3 years' 
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duration who had not previously been treated with methotrexate (97). Etanercept 
at 25 mg per week was at least as efficacious as MTX in controlling signs and 
symptoms and was better than MTX in retarding progression of erosions assessed 
by radiography of hands and feet in patients with erosions at base line, but not in 
patients without erosions on X-rays taken upon entry into the trial. No difference 
was noted in joint space narrowing. These data suggest that etanercept is more 
effective in controlling bone damage than cartilage damage in RA. Secondary end 
points were improved. 

In a clinical trial on 69 children with juvenile severe poly-articular RA, treat- 
ment of patients with 0.4 mg/kg etanercept twice weekly for 90 days induced 
improvement in 74%. Over the next 9 months, half of the patients randomized to 
receive continuing etanercept had a disease relapse rate of 24%, in contrast to 77% 
of those receiving placebo (98). This result, has led to the approval of etanercept 
for juvenile RA. 

TNF-R p55 Fc (Lenercept) 

This was the first TNF-R IgG Fc fusion protein to be extensively tested in the clinic 
in sepsis and then in RA. The results were positive, but were somewhat variable 
(99-102). The reasons for this inconsistency are not fully known, but two distinct 
hypotheses for this variation have been discussed. One is that there were batch- 
to-batch variations in the product, due to manufacturing problems. Another is that 
lenercept was more immunogenic in vivo than would have been predicted from its 
fully human derivation. Lesslauer and colleagues have reported that the extended 
peptide linker between the immunoglobulin Fc region and the TNF receptor was 
the immunogenic part of the molecule, and with time, antibodies generated ex- 
tended to the TNF-R itself (103). If the latter hypothesis is correct, then agonistic 
effects due to crosslinking cell surface p55 receptors may have also contributed to 
variable results. It is noteworthy that Lesslauer reported agonistic antibodies in a 
small cohort (3 out of 7) of patients given subcutaneous lenercept, which would 
be more immunogenic. Changes in the half-life of lenercept were noted after the 
second injection compared to the first, which supports the concept that it was im- 
munogenic. However in some clinical trials patients apparently showed sustained 
benefit over long periods of time. 

PEG-ylated p55 TNF-R 

This product has been shown to be active in rodent and primate models of arthritis 
and there is also preliminary evidence in rheumatoid arthritis phase I/U trials, 
which have been presented at meetings but not yet published in full (79, 104). 

SAFETY OF ANTI-TNFa THERAPY 

Overall,, the available data both from clinical trials and less clearly from routine 
clinical practice suggest that the safety of TNFa inhibitors is at least as good as that 
of other anti-rheumatic drugs (34, 105, 106). In the clinical trial setting an increased 
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incidence of upper respiratory tract infections has been reported in comparison to 
the placebo control groups for both infliximab and etanercept. However, the higher 
rates of discontinuations in the placebo treatment arms of the trials led to shorter 
periods of observation. When adjusted to equivalent periods of exposure to anti- 
TNFa therapy in 'patient-years' these differences became insignificant. It should 
be noted that patients used in the trials were generally those with longstanding and 
severe RA S and such patients have increased rates of co-morbidity, complications, 
and shortened life-spans. However, despite the reassuring early data the risk of 
developing tuberculosis and fungal infections will require continuing surveillance. 

The conclusion from clinical trials is that the overall safety profile is good. There 
were initial scares about a possibly increased incidence of lymphoma in the early 
infliximab studies. However, the incidence of lymphomas is higher than expected 
in rheumatoid patients with severe disease and receiving other immunosuppressant 
drugs. These features describe the type of patient included in the infliximab trials. 
The risk observed to date in all clinical trials in which patients were exposed to 
infliximab is not higher than might be expected (84), but longer-term follow-up 
of a larger number of patients is required to definitively exclude or confirm an 
association. As regards other cancers, the data of anti-TNFa studies have revealed 
that the number of nonlymphoid malignancies is similar to the expected frequency 
by comparison with populations of this age, using the NIH Cancer databases. 

One complication of interest is that there appears to be. a small risk of drug- 
induced lupus. The mechanism is poorly understood and may be similar to that 
implicated in the worsening of disease following administration of anti-TNFa an- 
tibody and 1L-10 therapy (which inhibits TNFa synthesis) in the murine NZBAV 
model of systemic lupus erythematosus (SLE) (107). NZBAV mice show a ge- 
netic deficiency of TNFa (108), which is corrected by administration of low doses 
of TNFa. TNFa knockouts also develop elevated levels of anti -double stranded 
(ds) DNA antibody (109), emphasizing the role of TNFa in regulating autoim- 
munity. Increase in anti-ds DNA antibodies occurs in up to 15% of patients given 
anti-TNFa antibody or fusion proteins (87, 110, 1 1 1), but only about 0.2% of pa- 
tients treated with infliximab develop symptoms of SLE (111). The few patients 
reported to date have responded well to discontinuation of the antibody treatment, 
with complete reversal of the lupus syndrome. These results indicate that SLE is 
a cytokine-dependent disease but at a different end of the spectrum from RA. The. 
risk of induced SLE by TNFa blocking therapy is therefore small, not dissimi- 
lar to that observed in the past in RA patients treated with D-penicillamine and 
sulphasalazine, so it is not a limitation in clinical practice. 

With considerable evidence from TNFa knockout mice and other models that 
TNFa is important in the innate immune response and in the induction of adoptive 
immune responses, it is not surprising that there is a concern that bacterial, viral, or 
parasitic infections may be increased in prevalence or severity in anti-TNFa treated 
patients. Thus far there are no statistically augmented risks of serious infection 
during the trials, although in some increased antibiotic usage in anti-TNFa groups 
suggests that there may be a small difference. What will happen on a longer time 
scale of treatment is not clear, but as etanercept has already been on the market 
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for over a year, the infectious risk does not appear to be a major issue. Whether 
different anti-TNFa agents have a different propensity to infection is not known. 
Safety is discussed in more detail in other reviews (32, 34). 

MECHANISM OF ACTION OF ANTI-TNFa THERAPY 
Overview 

There are many reasons to study the mechanism of action of therapeutic agents, 
especially with biological agents, where the specificity of the drug is much easier 
to ascertain and verify than is the case for small organic chemicals. Study of. the 
patients before and after therapy offers insights into the pathogenesis of the disease 
process. 

This opportunity has been extensively seized with infliximab, and there are 
multiple papers published on mechanistic clinical studies using this antibody. It is 
not known whether the mechanism of action of a TNFa inhibitor like infliximab 
which is given at a high concentration and so yields a 'cytokine washout,' is the 
same as the effects of a TNFa inhibitor like etanercept, which is given repeatedly at 
lower doses leading to much lower blood levels. Thus infliximab blood levels reach 
to well over 100 /xg/ml, whereas etanercept reaches steady state levels of 3 /xg/ml. 

Anti-TNFa Downregulates the Cytokine Cascade In Vivo 

The effect of anti-TNFa on other 'downstream' cytokines in the RA synovial 
cultures such as IL- 1 (23), GM-CSF and IL-6 (reviewed in 33) was a very important 
part of the rationale for anti-TNFa therapy, as it was based on studies of the 
diseased rheumatoid tissue, put into culture in the absence of extrinsic stimuli. It 
was thus of interest and importance to evaluate whether this inhibitory effect on 
other pro-inflammatory cytokines was also observed in vivo during clinical trials. 
The easiest cytokine to assay in vivo is IL-6, as there are elevated levels in RA 
patients, averaging about 100 pg/ml, and IL-6 is bioactive in serum. 

Within a day of infliximab therapy, serum IL-6 concentrations fell to normal 
levels (112). This was not unexpected as it was already known that CRP, an inflam- 
matory serum marker believed to be controlled chiefly by IL-6, normalized within 
a few days of treatment with anti-TNFa (73). The reduction of IL-6 is formal proof 
that TNFa regulates other pro-inflammatory cytokines. The speed and magnitude 
of the diminution of IL-6 within 24 h makes it likely to be a direct consequence of 
TNFa blockade on the cytokine network, rather than due to reduction in numbers 
of cells producing IL-6 in synovium, for example, which might be due to the in- 
direct effects on leukocyte trafficking, or the killing of TNFa -producing cells that 
express surface TNF. These cells, chiefly macrophages, would also be the IL-6 
producing cells. 

Other evidence exists for downregulation of the other pro-inflammatory cy- 
tokines and chemokines by anti-TNF* in vivo. A reduction in IL-8, MCP-1 and 
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VEGF has been described (1 13, 1 14), and the group of Kalden has reported down- 
regulation of serum IL- 1 ( 1 1 5). 

A key question is how the reduction in multiple pro-inflammatory cytokines in- 
fluences manifestations of disease. TNFa has been reported to reduce neuropathic 
pain (116), and reduction in TNFa may reduce pain by mechanisms involving the 
central nervous system. Joint swelling is due to fluid as well as cellular infiltration, 
and reduction in VEGF concentrations, a cytokine that was also cloned as vascular 
permeability factor, is likely to involve reduction in VEGF-induced permeabil- 
ity and contribute to the rapid reduction of joint swelling within two weeks of 
anti-TNFa therapy. The reduction in TNFa and the consequent reduction in IL-1 
would be expected to reduce the synthesis of MMP and other degradative enzymes 
production. Support for this mechanism was obtained by. serial studies of serum 
pro MMP levels, before and after anti-TNFa. There was a marked reduction in 
proMMP-3 and of proMMP-1 after infliximab, probably reflecting reduced joint 
synthesis (117). It would be expected that joint destruction would diminish as was 
subsequently established in longer term clinical trials (see Clinical Efficacy of 
Anti-TNFa Infliximab and 86). 

Infliximab Diminishes Leukocyte Trafficking into Joints 

The reduction in TNFa and the consequent reduction in IL-1 would have marked 
effects on endothelial activation (23). The diminution in endothelial adhesion 
molecules after anti-TNFa therapy has been monitored in the infliximab trials. Two 
approaches were used, the most quantitative of which was to measure the serum 
concentrations of soluble adhesion molecules, ICAM- 1 , E-selectin, and VCAM- 1 . 
Among these, the levels of E-selectin, which is an endothelial specific molecule, 
most probably reflects the adhesive properties of blood vessels more closely than 
those of ICAM-1 or VCAM-1, which are also expressed on many other cells 
in the synovium. Significant reductions in serum E-selectin and ICAM-1 were 
indeed detected (118). Less quantitative, but more relevant to the joint disease, 
was a semi-quantitative immunohistological analysis of synovial biopsies before 
and after anti-TNFa therapy. This had demonstrated, to 'blinded' observers, that 
the expression of the adhesion molecules E-selectin, ICAM-1, and VCAM-1 in 
the synovium was diminished after anti-TNFa antibody therapy (119). 

It was discussed above that serum levels of many but not all chemokines are 
reduced after infliximab therapy. Together with the adhesion molecule data, this 
strongly suggests that leucocyte trafficking will be reduced as leucocyte traffick- 
ing critically involves both adhesion molecules and chemokines. It was possible 
to verify this directly in a small clinical trial using 1 1 'indium labelled autologous 
granulocytes, reinfused into the patient before and 2 weeks after infliximab treat- 
ment (1 14). This trial showed reductions in granulocyte influx of 40%~50%. 

While the 1,1 indium granulocyte joint cell uptake results strictly apply only 
to the granulocytes, it is very likely that other leucocytes are also entering joints 
more slowly after infliximab therapy because the requirements for chemokines and 
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adhesion molecules for cell recruitment apply to all cells. Post-treatment synovial 
biopsies are much less cellular, with the numbers of T cells and macrophages 
reduced (119). Since T lymphocytes and macrophages also use the same spectrum 
of adhesion molecules as neutrophils, and relevant chemokines such as MCP- 1 are 
downregulated, it is likely that there is reduced trafficking of all major leucocyte 
subsets into the joint. Cellularity is a balance between immigration and loss, and 
increased apoptosis, noted in the T lymphocytes areas (after infliximab therapy) 
may also contribute to the reduced cellularity found post treatment (P Taylor, 
unpublished data). It seems to do so in Crohn's disease after anti-TNFa therapy 
(Sander van Deventer, personal communication). 

Infliximab Reduces VEGF and Angiogenesis 
in Inflamed Joints 

Angiogenesis is a prominent feature of the chronic rheumatoid synovium, and so 
it was pertinent to investigate whether infliximab therapy was associated with re- 
duced angiogenesis in order to investigate the relationship between inflammation 
and angiogenesis. Initial studies focused on measurement of VEGF, a potent and 
endothelial specific growth factor that promotes angiogenesis. Following the pre- 
vious work of Fava and Koch, who had demonstrated high VEGF levels in rheuma- 
toid synovium {120, 121), we assayed longitudinal blood samples from patients 
in the infliximab trials on the assumption that raised serum levels of VEGF might 
reflect enhanced synovial synthesis of VEGF. Serial synovial biopsies would not 
be possible in a sufficient percentage of patients to permit accurate statistical anal- 
ysis. Pretreatment serum VEGF concentrations were indeed elevated; the degree 
of elevation correlated with a marker of disease activity, CRP, and was significantly 
reduced after infliximab therapy in two separate trials (1 13). 

The partial reduction in serum VEGF levels led us to explore subsequently the 
possibility that angiogenesis was reduced in the synovium. Computerized image 
analysis of endothelium for multiple markers of endothelium (e.g. VWF, CD31) 
and neovasculature (av/?3) has shown a reduced vascularity after infliximab ther- 
apy (122). 

Infliximab Restores the Hematological Abnormalities in RA 

There are multiple hematological abnormalities in active RA. For example the 
counts of neutrophils tend to be on the high side. A tendency to low hemoglobin 
(Hb) concentration is common in RA patients. In view of the profound effects 
of multiple cytokines upregulated in RA on hemopoiesis, it was of interest to 
investigate the effects of infliximab on the blood constituents of RA patients in the 
infliximab clinical trials. 

In the first phase II trial, with an end point at 4 weeks, Hb levels fell over 
this 4-week period in the placebo-treated group, possibly due to blood loss for 
experimental analyses. With the 1 mg/kg infliximab treatment it stayed at the 
same level, but at 10 mg/kg, the Hb level was significantly elevated over the 
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baseline. This result suggests that the anemia of RA, and by inference probably the 
anemia of other chronic inflammatory diseases, is cytokine dependent. Whether 
the anemia is an effect of TNFa or IL-6 or both is not clear, since both these 
cytokines are reported to diminish red cell production in certain in vitro systems 
(123). 

Elevated platelet levels are a potentially dangerous consequence of RA, as 
elevated platelet levels may promote thrombotic and atherosclerotic complications. 
Infliximab diminished the elevated platelet levels to the normal range (81). The 
elevated fibrinogen levels commonly found in active RA patients are also likely to 
predispose to these diseases. However, there is as yet no evidence to support the 
hypothesis that infliximab is protective against coronary or cerebral thrombosis. 
The tendency of RA patients to have a moderate neutrophilia was normalized after 
infliximab therapy. 



WHAT HAVE WE LEARNED? 

Immunogenicity of Monoclonal Antibodies and Biologicals 
Is Variable and Can Be Contained 

A real concern in the past has been the immunogenicity of antibodies. With murine 
monoclonals, this concern was borne out in clinical trials, for example of anti-IL-6, 
where initial efficacy rapidly waned (124). Subsequent antibodies were molecu- 
larly engineered to reduce the percentage of mouse sequences in an attempt to 
deal with this problem. Chimeric antibodies retain the mouse Fv antigen combin- 
ing site, and thus they are three-quarters human (72). More complex techniques 
such as CDR grafting leading to humanized antibodies were designed to reduce 
potential immunogenicity further (125). With the phage display technique (126) 
it is possible to produce antibodies comprising only human sequences. This is also 
the case using transgenic mice that have had their Ig loci knocked out and replaced 
by human heavy and light chain loci (127, 128). 

However, in all these cases it is possible to generate anti-idiotype antibodies 
directed against the binding site itself. This is well known, as the work of Oudin 
had demonstrated that autologous anti-idiotype antisera can be raised in rabbits 
(129). Hence the actual degree of immunogenicity of an antibody is difficult to 
predict. Fully human ones may still generate anti-idiotype or anti-allotype re- 
sponses. Partly mouse ones, depending on which V regions are used, may not 
differ that much from the nearest human sequences. 

The immunogenicity of antibodies may be reduced by a variety of procedures. 
First, there is evidence that aggregation of human antibodies augments their im- 
munogenicity, just as was found previously in mice. Technical improvements in 
the preparation of the chimeric antibodies appear to have reduced the incidence of 
infusion reactions and diminished the incidence of antibody response to injected 
antibody (human anti-chimeric antibody — HACA) response. 
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Figure 4 The incidence of human antichimeric antibodies (HACA) in patients treated 
with infliximab and methotrexate is inversely proportional to that of the dose of infleximab 
and is diminished in methotrexate. ■ infliximab alone; Q infliximab plus methotrexate 
(Malm &a\, Arthritis Rheum. 1998). 

Secondly, it is apparent that the frequency of the HACA response is inversely 
related to the amount of antibody infused (82). For example, 1 mg/kg of infliximab 
was much more frequently immunogenic than 3 mg/kg or 10 mg/kg (Figure 4). 
The mechanism for this inverse dose relationship appears to be high zone tolerance 
(HZT) extensively studied in the late 1960s, early 1970s. This was achieved by 
injection of high doses of soluble protein, and much of this old literature concerns 
deaggregated gamma globulin. HZT was described in many species (130-132), 
and whereas the inverse dose response is not formal proof of immunological 
tolerance, it is highly suggestive of HZT. The proof would require challenge with 
gamma globulin and adjuvant, which is clearly not possible. 

Third, there is evidence that the frequency of the HACA response is diminished 
in the presence of methotrexate (MTX) (82, 133). This indicates that MTX has an 
immunosuppressive effect, as had been found by others (134). 

With TNF-R fusion proteins, there have been variable results. Lenercept, the 
p55 TNF-R Fc fusion protein, was found to be highly immunogenic (1 03), and this 
contributed to its eventual abandonment. The first evidence for immunogenicity 
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noted was a reduction in the half-life after the first dose, from 7 to 4 days. Sub- 
sequently the antibody response was measured, and epitopes recognized were 
mapped by Lesslauer and his colleagues. They found that the earliest epitopes rec- 
ognized were in the hinge region, which is extended and differs in conformation 
from that of native Ig. The epitopes recognized then extended to the p55 TNF-R 
(103). As most monoclonal antibodies to the p55 TNF-R are agonistic (135), it 
is possible that agonistic antibodies were raised and that they contributed to the 
variable results obtained. 

An analogous situation has been documented in mice with gene therapy with an 
adenovirus encoding for a human p55 TNF-R mouse Fc fusion protein. This was 
initially efficacious, but subsequently the benefit was lost and the disease activity 
rebounded to a level worse than that of the controls. The sera of these mice had 
antibodies to human p55 TNF-R, some of which cross-reacted with murine TNF-R 
(136). 

In contrast, initial reports suggested that etanercept was non-immunogenic, 
but with more sensitive assays, antibodies to etanercept were detected in 16% of 
treated individuals (137). However, it is reported that these do not interfere with 
chronic therapy. 

Chronic Treatment with Antibodies and Fusion 
Proteins Is Possible 

When antibody therapy was first conceived, it was not known whether antibodies 
were goipg to be used for short term or whether they could also be used long 
term (i.e. several years). This question has been resolved, and it is possible to use 
some antibodies or fusion proteins long term. Patients have been treated with 
such agents for up to one year in open-label continuation studies (100) and with 
infliximab in a randomized controlled trial (86). 

Hence, long-term therapy is possible provided the therapy is efficacious and of 
low immunogenicity. The current regimes for infliximab — 3 or 10 mg/kg infusion 
in the presence of MTX, or of etanercept— 25 mg s.c. twice per week— appear to 
fulfill these criteria. D2E7, a human antibody produced by phage display, has also 
been used for over a year (92), 

Why Are There No Cures with Anti-TNFa Therapy? 

Remission is rare in late active RA (138). Nevertheless our concept that there 
is a disregulated cytokine equilibrium, (31,33) suggests that if the balance was 
normalized, the augmented anti-inflammatory pathways may restore homeostasis. 
One reason for the lack of sustained benefit when therapy is stopped emerged from 
monitoring the effect of anti-TNFa therapy on the endogenous cytokine inhibitors. 
Serum IL-IRa and soluble TNF-R were found to diminish after infliximab (112). 
There is a suggestion in a small group of patients that serum IL-10 was augmented 
(139). However, serum IL-10 levels are low and may not reflect the situation in 
the synovium, since IL-10 production in in vitro rheumatoid synovial cultures is 
inhibited by anti-TNFa antibody (58). 
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These results suggest that additional therapeutic benefit may ensue by restor- 
ing cytokine inhibitor levels in anti-TNFa-treated patients. Whether it might be 
achieved by co-administration of IL-10 or IL-IRa is not clear. We have shown 
in murine collagen-induced arthritis that anti-TNFa and IL-10 work additively 
(140); Feige et al (141) have shown that in rat arthritis models the therapeutic 
effect of TNF-inhibitor (TNF-R PEG) is augmented by IL-IRa. 

Our overall conclusion is that the TNFa overproduction, while a key pathogenic 
mechanism in the disease (in human and mouse), is certainly not the only path- 
ogenic pathway implicated in maintaining disease chronicity. Other pathways 
likely to be involved in maintenance of chronicity include augmented angiogen- 
esis (37, 122, 142), lack of synovial apoptosis (12, 143-145), and abnormalities 
of the immune system (146). It will be important to target these mechanisms of 
chronicity if a cure is to be achieved. 

Combination Therapy Works 

Studies in experimental systems, undertaken in the past, mainly in the mouse 
collagen-induced arthritis model of RA, have demonstrated that the benefit of 
anti-TNFa therapy may be augmented by a variety of forms of anti-T cell therapy. 
The first to be documented in detail was synergy with anti-CD4 antibodies (83), but 
synergy can also be documented with blockade of costimulatory molecules (CD80 
and CD86), using CTLA-4Ig fusion protein or anti-CD3 antibodies (Williams, 
unpublished data). 

The extrapolation of these data into human disease, requiring the application 
of unlicensed drugs in clinical trials, is unrealistic. The first combination therapy 
targeting the immune system as well as TNFa was performed using MTX, and 
was highly successful (82). This has led to the routine use of infliximab with MTX 
(82, 84, 86). Increased efficacy without increased toxicity has also subsequently 
been found using etanercept (96). 

The optimum combination therapy has not yet been evaluated, and it is possible 
that in human RA, as in the mouse, additional anti-T cell therapy, for example 
with anti-CD4 or anti-CD3 or cyclosporin, may lead to benefit in the patients not 
responding to anti-TNFa therapy alone. 

Pathogenesis of Joint Damage 

It has been proposed that contrary to the conventional view, inflammation and joint 
destruction may not be causally related. Evidence that they are uncoupled and due 
to different processes, with joint destruction due to an 'autonomous' tumorlike 
mass of fibroblasts, has been put forward (147). This was established by trans- 
planting human fibroblast-like synoviocytes derived from rheumatoid tissue into 
immunocompromised SCID mice and demonstrating invasion and destruction of 
co-implanted cartilage. However, the clinical joint protection studies with inflix- 
imab, etanercept, and D2E7 indicate that this process of joint destruction is also 
likely dependent on TNFa (86,92, 97). 
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The control of joint destruction, and hence the preservation of function, has 
been viewed as the holy grail in the therapy of rheumatoid arthritis. Randomized 
controlled trials have provided evidence that drugs such as MTX, leflunomide, 
and sulphasalazine retard structural damage compared with placebo therapy. In 
the ATTRACT phase III trial, the 12-month radiological analysis demonstrated 
that cartilage. and bone damage (assessed by a modified Sharp score) progressed 
relentlessly in the group with active disease resistant to MTX who continue to 
receive MTX and placebo infusions, but was arrested in the groups receiving both 
MTX and infliximab in about 50% of patients (86). Etanercept used alone also 
had bone protective effects (97). Follow-up studies with D2E7 over one year have 
shown radiological benefit, although this was not a randomized and fully blinded 
prospective study (92). 

The rush of recent clinical trial results clearly suggests that the current biological 
anti-TNFa agents have major protective effects against joint destruction. These 
data in RA are reminiscent of the protection of cartilage and bone with anti-TNFa 
antibody therapy in collagen 11-induced arthritis in mice (66, 67) especially when 
combined with anti-T cell therapy (83). Prior to these animal studies, in vitro 
experiments had shown that TNFa was able to induce cartilage damage (148, 149) 
and bone damage (150). 

The relative contribution of IL-1 and TNFa in mediating tissue destruction 
continues to be debated. The view has been espoused that targeted IL-1 blockade 
is critical in regulating joint destruction (151). This claim is based on a combination 
of in vitro and in vivo studies, which demonstrate the superior potency of IL-1 
over TNFa in the induction of cartilage and bone damage (152, 153). 

Experimental data exist, however, that can reconcile the role of TNFa and IL-1 
in this regard. The addition of anti-TNFa antibody to RA synovial cells in vitro 
reduced IL-1 synthesis (23), and subsequently evidence was obtained that this 
occurs in vivo following therapy with infliximab (115, 154). Downregulation of 
IL-1 production in RA patients has also been recently reported in patients treated 
with D2E7 by Van den Berg's group (93). The work of Dinarello and others has 
highlighted the synergy between TNFa and IL-1 in many systems (29). Hence, it 
is possible that depletion of TNFa not only reduces production of IL-1 in joints, 
but also diminishes the synergistic effect of TNFa and IL-1 . 

Since anti-TNFa therapy combined with MTX has proved to show an unex- 
pected degree of joint protective effect, it seems likely that the added benefit 
from co-administration of other anti-cytokines may be small. However, anti-IL-1 
therapy may prove beneficial in patients unresponsive to anti-TNFa therapy (30%- 
40% in some trials) and in conjunction with anti-TNFa therapy administered at 
suboptimal levels (141). 

The mechanisms of bone damage in RA are not fully understood. Osteoclasts 
are believed to play an important role in erosions of bone. The strongest signal 
for the differentiation and activation of osteoclasts is provided by RANK ligand 
(RANKL, also known as ODF, TRANCE, or OPG ligand), which is expressed by 
mesenchymal cells (e.g. synoviocytes and osteoblasts) as well as T lymphocytes. 
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TNFa may itself be able to induce osteoclast differentiation, by-passing RANK, 
in vitro (155). This result is not surprising as RANK (receptor activated inducer 
of NF/cB) signals chiefly by inducing NF/c B, as does TNFa, Whether anti-TNFa 
therapy has any impact on RANKL expression, or on the levels of the soluble 
inhibitor of osteoclast activation, osteoprotegerin (OPG), which blocks RANKL, 
is not known at present. This is certainly possible as TNFa and IL-1 have been 
described to upregulate both RANKL and OPG ( 1 56, 1 57). The effect of anti-TNFa 
therapy on the critical RANKL/OPG balance remains to be established. 

Perhaps the most important conclusion from the three recent studies of anti- 
TNFa blockade on protecting joints (86, 92, 97) is the awareness that targeting 
TNFa is effective even in late-stage disease. Whether blocking RANKL by raising 
OPG levels will have additional benefits to blocking TNFa alone is not known, 
but in the rat adjuvant arthritis model, the administration of OPG was associated 
with joint protection (158). 



CONCLUSIONS 

Anti-TNFa therapy is one of the current successes of the biotechnology industry, 
which has cloned cytokines and generated inhibitors to them. It is also one of 
the successes of research in the cytokine field aimed at understanding the key, 
rate-limiting cytokines involved in the pathogenesis of disease, which might be 
suitable therapeutic targets. The success of anti-TNFa therapy in RA has prompted 
clinical studies in related diseases, such as Crohn's disease, which have also been 
highly successful therapeutically (159, 160), and more recently in the treatment 
of psoriatic arthritis and ankylosing spondylitis. We anticipate that this is the 
beginning of a wave of new therapies based on a rational understanding of the 
molecular pathogenesis of complex diseases. Many of these therapies will be 
targeted at cytokines. For maximum impact on improving the quality of life and 
secondary prevention of morbidity and premature mortality, cytokine-regulating 
drugs will need to be used in early stages of the disease. Durability of benefit, 
safety, and pharmacoeconomic issues will determine whether the early promise of 
the success of this knowledge-based approach will prove to be a boon to sufferers 
of incurable and painful diseases. 

Visit the Annual Reviews home page at www.AnnualReviews.org 
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